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(57) Abstract: A method and system are 
presented for use in noninvasive monitoring 
at least one parameter of a region of interest 
in a human body. The system comprises a 
measurement unit and a control unit. The 
measurement unit comprises an optical 
unit having an illumination assembly 
configured to define at least one output port 
for illuminating light, and a light detection 
assembly configured to define at least one 
light input port for collecting light and to 
generate measured data indicative of the 
collected light; and an acoustic unit configured 
to generate acoustic waves of a predetermined 
ultrasound frequency range. The measurement 
unit is configured and operable to provide 
an operating condition such that the acoustic 
waves of the predetermined frequency range 
overlap with an illuminating region within 
the region of interest and substantially do 
not overlap with a region outside the region 
of interest, and that the detection assembly 
collects light scattered from the region of 
interest and light scattered from the region 
outside the region of interest. The measured 
data is thus indicative of scattered light having both ultrasound tagged and untagged light portions, thereby enabling to distinguish 
between light responses of the region of interest and the region outside the region of interest. The control unit is connectable to the 
optical unit and to the acoustic unit to operate these units, and is responsive to the measured data and preprogrammed to process 
and analyze the measured data to extract therefrom data indicative of a light response of the region of interest and determine the at 
least one desired parameter. 
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METHOD AND APPARATUS FOR NONINVASIVELY MONITORING 
PARAMETERS OF A REGION OF INTEREST IN A HUMAN BODY 

FIELD OF THE INVENTION 

This invention relates to a method and apparatus for noninvasive 
monitoring of parameters of a region of interest in a human body, such as oxygen 
saturation and/or concentration of analyte(s) in blood. 

5 BACKGROUND OF THE INVENTION 

Monitoring of the well-being of the fetus inside the uterus is very 
important and is carried periodically with respect to various parameters of the 
fetus. One of the important parameters to be monitored is oxygen saturation. 
Various techniques have been developed to enable noninvasive measurements of 

10 oxygen saturation. 

For example, U.S. Patent No. 5,494,032 discloses an oximeter for reliable 
clinical determination of blood oxygen saturation in a fetus. This technique 
utilizes a multiple frequency light source which is coupled to an optical fiber. 
The output of the fiber is used to illuminate blood containing tissue of the fetus. 

1 5 The reflected light is transmitted back to the apparatus where the light intensities 
are simultaneously detected at multiple frequencies. The resulting spectrum is 
then analyzed for determination of oxygen saturation. The analysis method uses 
multivariate calibration techniques that compensate for nonlinear spectral 
response, model interfering spectral responses and detect outlier data with high 

20 sensitivity. 

A pulse oximetry based technique for determining the fetal arterial blood 
oxygenation is disclosed in the following article: A. Zourabian et al., "Trans- 
abdominal monitoring of fetal arterial blood oxygenation using pulse oxymetry", 
Journal of Biomedical Optics, Vol. 5, No. 4, October 2000, pp. 391-405. 
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U.S. Patent No. 6,041,248 describes a method and apparatus for frequency 
encoded ultrasound-modulated optical tomography of dense turbid media. The 
apparatus includes a function generator producing a frequency sweep signal 
which is applied to an ultrasonic transducer. The ultrasonic transducer produces 
5 ultrasonic wave in a turbid medium. Coherent light from a laser is passed through 
turbid medium where it is modulated by the ultrasonic wave. A photomultiplier 
tube detects the light which passes through the turbid medium. The signal from 
the photomultiplier tube is fed to an oscilloscope and then to a computer where 
differences in light intensity at different frequencies can determine the location of 

10 objects in the turbid medium. 

The conventionally used techniques for monitoring the well-being of the 
fetus inside the uterus utilize measuring the fetal-heart-rate (FHR) by placing 
sensors on the skin of the mother's abdomen proximal to the fetus. These sensors 
transmit acoustic waves and provide data indicative of the Doppler shift of an 

15 acoustic wave reflected from the fetal heart, enabling calculation of the heart rate 
based on this shift. A normal fetal-heart-rate (FHR) pattern is usually associated 
with the delivery of a normal well-oxygenated infant. However, a non-reassuring 
FHR is not always associated with the delivery of a compromised infant. 

In the case of non-reassuring FHR, the fetal blood oxygen saturation level 

20 can be measured only post membrane rupture by either fetal scalp sampling, 
which measures the pH level of the fetal blood, or by attaching a pulse oximeter 
to the presenting part of the fetal head during labor. Both of these methods are 
performed following the rupture of membranes where the fetal scalp and/or 
cheeks can be reached. 

25 Another important procedure to be done to monitor the well-being of the 

fetus consists of assessing the maturity of fetal lungs, which is one of the major 
concerns of pre-term deliveries. If the baby is delivered and the lungs are not 
mature, the baby may develop Respiratory Distress Syndrome (RDS), which can 
result either in fetal death or in long-lasting periods of repeated respiratory 

30 difficulty. 
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In cases where intervention is considered in the course of pregnancy (such 
as caesarean section or induction of labor) and there is a need to assess the 
maturity of the lungs, amniotic fluid is drained. Measuring phospholipids in 
amniotic fluid as the lecithin/sphingomyelin ratio using the thin-layer 
5 chromatography method has been the established clinical procedure for 
predicting fetal lung maturity. Although it is the clinical "gold standard" method, 
it remains a time-consuming process, has a large intralaboratory and 
interlaboratory coefficient of variation, and requires expertise. In addition, the 
procedure of amniotic fluid drainage itself is invasive and suffers a small risk of 

10 abortion. Additional techniques that are used for assessing lung maturity levels 
include measuring the number of lamellar bodies in a volume of amniotic fluid, 
measuring the prostaglandin level in amniotic fluid and measuring the 
fluorescence polarization of a sampled amniotic fluid. 

When a fetus is acutely distressed, for example as a result of strangulation 

15 by the umbilical cord, the bowel content, meconium, may be passed into the 
amniotic fluid (AF). Assessment of meconial contamination of AF is important 
in the management of late pregnancy. It appears in nearly one third of all fetuses 
by 42 weeks of gestation. In cases where the fetus gasps during delivery, inhaling 
the sticky meconium into the upper respiratory tract results in partial airways 

20 obstruction. Meconium aspiration syndrome occurs in 0.2% to 1% of all 
deliveries and has a mortality rate as high as 18%. The disease is responsible for 
2% of all prenatal deaths. 

To date, meconium stained amniotic fluid is diagnosed following the 
rupture of membranes, when the amniotic fluid is drained. However, in cases 

25 where the fetus head is tightly fitted in the pelvis, the amniotic fluid is not 
drained out resulting in misdiagnosis of the potential harmful outcome to the 
respiratory tract. 
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SUMMARY OF THE INVENTION 

There is accordingly a need in the art to facilitate noninvasive monitoring 
of parameters of a region of interest in a human body, by providing a novel 
noninvasive method and apparatus. 
5 The technique of the present invention provides for monitoring blood 

and/or tissue parameters and/or parameters of fluids of a region of interest in a 
human body, for example the concentration of an analyte in blood, fluid 
reservoirs or tissue regions in a human body; as well as fetus condition in utero 
(e.g., the fetal oxygen saturation level as well as the concentration of analyte in 

10 fetal blood; and the maturity of fetal lungs and the presence of meconium, prior 
to membrane rupture). 

It should be understood that the term "region of interest" signifies a 
tissues region or a fluid contained in a reservoir or cavity inside a body. The 
region of interest may be a fetus region (e.g., fetus head), amniotic fluid, vicinity 

15 of blood vessels, etc. The term "fetus-related region of interest" used herein 
signifies either one of fetus and amniotic fluid regions. 

The main idea of the present invention consists of non-invasively 
monitoring the optical properties of a region of interest in a human (or animal) 
body utilizing the principles of ultrasound tagging of light, which in the present 

20 invention is aimed at distinguishing between optical responses of the region of 
interest in the selected volume (e.g., fetus, amniotic fluid, blood vessel) and the 
surroundings outside the region of interest; and/or significantly improving pulse 
oximetry based measurements. 

According to one aspect of the present invention, a body portion (e.g., the 

25 abdomen of a pregnant woman) containing a region of interest (fetus) is 
irradiated with light (e.g., of at least two different wavelengths) and is irradiated 
with acoustic waves, in a manner to ensure optimal operating condition for 
measurements. This operating condition is such that the illuminating light and 
acoustic waves overlap within the region of interest and thus light scattered from 

30 the region of interest is "tagged" by acoustic waves (i.e., the frequency of light is 
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modulated by the frequency of the acoustic waves) while substantially do not 
overlap in a region outside the region of interest, and to ensure that detected light 
includes a portion of light scattered by the region of interest and tagged by 
acoustic waves and a portion of untagged light scattered by the region outside the 
5 region of interest. This allows for distinguishing between light responses of the 
region of interest and its surroundings (e.g., fetus and maternal tissues). It should 
be understood that the term "acoustic wave" refer to acoustic radiation of either 
one of the following type: continuous wave, pulses, bursts. 

It should be understood that for the purposes of the present invention the 

10 term "maternal tissues' 9 used herein refers to all the tissues within a region 
surrounding the fetus-related region of interest (fetus itself or amniotic fluid 
containing the fetus). Considering the region of interest is fetus, the term 
"maternal tissues " refers to maternal tissues, amniotic fluid, and uterine wall. 

According to another aspect of the present invention, the above operating 

15 condition is used in pulse oximetry measurements for determining oxygen 
saturation level in a region of interest (in mammalian blood and/or blood 
vessels). Measured data that needs to be analyzed is, for example, in the form of 
a power spectrum of ultrasound-tagged light response of the region of interest, 
which is practically insensitive to minor movements of regions outside the region 

20 of interest, while pure pulse oximetric measurements are highly sensitive to such 
movements. 

Preferably, the present invention in either of its aspects utilizes obtaining 
of measured data in the form of time dependent and/or wavelength dependent 
variations of ultrasound-tagged light signals for at least two wavelengths of 
25 illuminating light. 

The present invention provides for non-invasively determining such 
parameters as oxygen saturation level in the region of interest (e.g., fetus, blood 
vessel), concentration of a substance or a structure within the region of interest 
(e.g., fetus, amniotic fluid), the presence and concentration of lamellar bodies in 
30 amniotic fluid for determining the level of lung maturity of the fetus, the 



WO 2005/025399 



PCT/IL2004/000835 



-6- 

presence and/or concentration of meconium in the amniotic fluid, presence 
and/or concentration of blood in the amniotic fluid; as well as for noninvasive 
monitoring the optical properties of other extravascular fluids such as pleural, 
pericardial, peritoneal (around the abdominal and pelvis cavities) and synovial 
5 fluids. It is important to note that according to the invention, acoustic 
(ultrasound) radiation used for measurements needs not be focused, since the 
measurements utilize ultrasound tagging solely for the purposes of distinguishing 
between light responses of the region of interest and its surroundings, and/or for 
increasing signal to noise ratio of ultrasound tagging based measurements. 

10 The present invention utilizes the principles of oximetry for processing the 

measured data. Accordingly, the illumination with at least two different 
wavelengths is applied. Preferably, the light response signals are collected over a 
time period larger than a heart beat, and the principles of pulse oximetry are used 
to determine the oxygen saturation. 

15 Preferably, a measurement unit (an illumination assembly, a light 

detection assembly, and an ultrasound transducer arrangement) is placed in close 
contact with the respective body portion (e.g., maternal tissues being in contact 
with amniotic sac containing a fetus). As indicated above, the illumination 
assembly is configured and operable to illuminate the body portion with at least 

20 two wavelengths. The ultrasound transducer arrangement is configured and 
operable to transmit acoustic waves into the same volume from which the light 
detector collects scattered light. 

The light detection assembly may be oriented for collecting both back 
scattered light and forward scattered light. 

25 Preferably, the present invention utilizes ultrasound imaging, carried out 

prior to measurements and aimed at determining optimal positioning of the 
illumination assembly, light detection assembly and acoustic waves propagation 
to thereby provide the operating condition for measurements. The ultrasound 
imaging may and may not utilize the same ultrasound transducer arrangement 

30 that is used for measurements. Preferably, the invention also provides for using 
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ultrasound radiation for determining such parameters of blood in the region of 
interest (e.g., fetus) as blood flow, tissue velocity profile, etc. To this end, 
reflections of ultrasound radiation from the irradiated region are analyzed using 
any known suitable Doppler-based techniques. The incident ultrasound radiation 
5 may be in the form of continuous waves or pulses (gates). 

According to an embodiment of the present invention maternal oxygen 
saturation level is detected using the same apparatus being used to measure fetal 
oxygen saturation level. 

The present invention can be used for measuring in more than one fetus 
10 presented inside the uterus. In this case, the oxygen saturation level (or other fetal 
parameters) of each fetus is measured independently using the same apparatus; or 
several different apparatuses, one for each fetus, all associated with the same 
control unit (data processing and analyzing utility). Each fetus is located using an 
ultrasound imaging system, and the optimal arrangement of the light sources, 
15 detectors and ultrasound transducers is determined for monitoring the oxygen 
saturation level of each fetus. 

There is thus provided according to one aspect of the invention a 
monitoring system for use in non-invasively monitoring at least one parameter of 
a region of interest in a human body, the system comprising: 
20 - a measurement unit comprising an optical unit having an illumination 
assembly configured to define at least one output port for illuminating 
light, and a light detection assembly configured to define at least one light 
input port for collecting light scattered from the illuminated body portion 
and to generate measured data indicative of the collected light; and an 
25 acoustic unit configured to generate acoustic waves of a predetermined 

ultrasound frequency range; the measurement unit being configured and 
operable to provide an operating condition such that the acoustic waves of 
the predetermined frequency range overlap with an illuminating region 
within the region of interest and substantially do not overlap with a region 
30 outside the region of interest, and that the detection assembly collects light 
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scattered from the region of interest and light scattered from the region 
outside the region of interest, the measured data being thereby indicative 
of scattered light having both ultrasound tagged and untagged light 
portions, thereby enabling to distinguish between light responses of the 
5 region of interest and the region outside the region of interest; 

- a control unit, which is connectable to the optical unit and to the acoustic 
unit to operate these units, the control unit being responsive to the 
measured data and preprogrammed to process and analyze the measured 
data to extract therefrom a data portion associated with the light response 

10 of the region of interest and determine said at least one parameter of the 

region of interest. 

According to another aspect of the invention, there is provided a 
monitoring system for use in non-invasively monitoring at least one parameter of 
a region of interest in a human body, the system comprising: 

15 - a measurement unit comprising an optical unit configured for generating 
illuminating light and for collecting light and generating measured data 
indicative of the collected light; and an acoustic unit configured to 
generate unfocused acoustic waves of a predetermined ultrasound 
frequency range; the measurement unit being configured and operable to 

20 provide an operating condition such that the acoustic waves of the 

predetermined frequency range overlap with an illuminating region within 
the region of interest while substantially not overlapping within a region 
outside the region of interest, and that the detection assembly collects light 
scattered from the region of interest and light scattered from the region 

25 outside the region of interest, the measured data being thereby indicative 

of scattered light having both ultrasound tagged and untagged light 
portions, thereby enabling to distinguish between light responses of the 
region of interest and the region outside the region of interest; 

- a control unit, which is connectable to the optical unit and to the acoustic 
30 unit to operate these units, the control unit being responsive to the 
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measured data and preprogrammed to process and analyze the measured 
data to extract therefrom a data portion associated with the light response 
of the region of interest and determine said at least one parameter of the 
region of interest. 

5 According to yet another aspect of the invention, there is provided a 

system for use in noninvasive monitoring at least one parameter of a region of 
interest in a human body, the system comprising: 

- a measurement unit comprising an optical unit having an illumination 
assembly configured to define at least one output port for illuminating 

10 light, and a light detection assembly configured to define at least one light 

input port for collecting light and to generate measured data indicative of 
the collected light; and an acoustic unit configured to generate acoustic 
waves of a predetermined ultrasound frequency range; 

- a control unit, which is connectable to the optical unit and to the acoustic 
15 unit to operate these units, the control unit being responsive to the 

measured data and preprogrammed to process and analyze the measured 
data to extract therefrom data indicative of a light response of the region 
of interest and determine the at least one desired parameter, the control 
unit being operable to provide optimal positioning of the optical unit and 

20 the acoustic unit to satisfy an operating condition for measurements, said 

operating condition being such that acoustic waves of the predetermined 
frequency range and illuminating light overlap within the region of 
interest and substantially do not overlap in a region outside the region of 
interest, and in that the detection assembly collects the light scattered from 

25 the region of interest and light scattered from the region outside the region 

of interest; the measured data being thereby indicative of scattered light 
having both ultrasound tagged and untagged light portions, thereby 
enabling to analyze the measured data to extract therefrom a data portion 
associated with the light response of the region of interest and determine 

30 said at least one parameter of the region of interest. 



WO 2005/025399 



PCT/IL2004/000835 



- 10- 

According to yet another aspect of the invention, there is provided a probe 
device for use in a system for monitoring at least one parameter of a region of 
interest in a human body, the probe comprising: a support structure configured to 
contact a body portion, said support structure carrying an array of at least two 
5 light output ports arranged in a spaced-apart relationship and being optically 
coupled to a light source assembly, an array of light input ports arranged in a 
spaced-apart relationship and being optically coupled to a light detection 
assembly, and at least one acoustic output port of an acoustic unit, the 
arrangement of the light ports and the acoustic unit being such as to allow 

10 selection of at least one of said light output ports, at least one of the light input 
ports and at least one of the acoustic output ports such that acoustic waves of a 
predetermined frequency range coming from said at least one selected acoustic 
output port and illuminating light coming from said at least one selected light 
output port overlap within a region of interest in the body, and in that said at least 

15 one light input port collects light scattered from the overlapping region and light 
scattered from outside the region of interest. 

According to yet another aspect of the invention, there is provided a probe 
device for use in a system for monitoring at least one parameter of a region of 
interest in a human body, the probe comprising: a support structure configured to 

20 contact a body portion, said support structure carrying at least one light output 
port optically coupled to a light source assembly, at least two light input ports 
optically coupled to a light detection assembly, and at least one acoustic output 
port of an acoustic unit, the arrangement of the light and acoustic ports being 
such as to allow selection of the light and acoustic ports for measurements such 

25 that, with the selected ports, acoustic waves of a predetermined frequency range 
and illuminating light overlap within a region of interest in the body and that the 
at least one light input port collects light scattered from the overlapping region 
and light scattered from outside of the region of interest. 

According to yet another aspect of the invention, there is provided a probe 

30 device for use in a system for monitoring at least one parameter of a region of 
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interest in a human body, the probe comprising: a support structure configured to 
contact a body portion, said support structure carrying at least two light output 
port optically coupled to a light source assembly, at least one light input port 
optically coupled to a light detection assembly, and at least one acoustic output 
5 port of an acoustic unit, the arrangement of the light and acoustic ports being 
such as to allow selection of the light and acoustic ports for measurements such 
that, with the selected ports, acoustic waves of a predetermined frequency range 
and illuminating light overlap within a region of interest in the body and that 
detected light includes scattered from the overlapping region and light scattered 

10 from outside of the region of interest. 

According to yet another aspect of the invention, there is provided a 
method for use in noninvasive monitoring at least one parameter of a region of 
interest in a human body, the method comprising: operating an optical unit and 
an acoustic unit so as to provide that ultrasound waves of a predetermined 

1 5 frequency range and illuminating light overlap within the region of interest and 
substantially do not overlap with a region outside the region of interest, thereby 
producing measured data indicative of collected light including scattered light 
having ultrasound tagged and untagged light portions, thereby enabling 
extraction of a light response of the region of interest from all the other light 

20 portions in the collected light. 

According to yet another aspect of the invention, there is provided a 
method for use in noninvasive monitoring oxygen saturation level, the method 
comprising: applying ultrasound tagging of light in pulse oxymetric 
measurements, obtaining measured data indicative of time dependent variations 

25 of ultrasound tagged light signals scattered from a region of interest as a function 
of at least one of time and , for at least two different wavelength of illuminating 
light, and analyzing the measured data to calculate the oxygen saturation level. 

According to yet another aspect of the invention, there is provided a 
method for use in noninvasive monitoring at least one parameter of a region of 

30 interest in a human body, the method comprising: 
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- providing an optical unit having an illumination assembly configured to 
define at least one output port for illuminating light; and a light detection 
assembly configured to define at least one light input port for collecting 
light, and to generate measured data indicative of the collected light; and 

5 providing an acoustic unit configured to generate acoustic waves of a 

predetermined ultrasound frequency range; 

- providing an optimal positioning of the optical and acoustic units with 
respect to each other and with respect to the region of interest, said 
optimal positioning satisfying an operating condition resulting in that the 

10 ultrasound waves of the predetermined frequency range overlap with the 

illuminating light within the region of interest, while substantially not 
overlapping a region outside the region of interest, and in that the 
detection assembly collects light scattered from the overlapping region 
and from the region outside the region of interest; 

15 - operating the optical and acoustic units, when in the optimal positioning, 
and generating measured data indicative of collected light including 
scattered light having ultrasound tagged and untagged light portions, 
thereby enabling extraction of a light response of the region of interest 
from all the other light portions in the collected light. 

20 According to yet another aspect of the invention, there is provided method 

for use in noninvasive monitoring at least one parameter of a fetus-related region 
of interest, the method comprising: 

- providing an optical unit having an illumination assembly configured to 
define at least one output port for the illuminating light; and a light 

25 detection assembly configured to define at least one light input port for 

collecting light, and to generate measured data indicative of the collected 
light; and providing an acoustic unit configured to generate acoustic 
waves of a predetermined ultrasound frequency range; 

- providing an optimal positioning of the optical and acoustic units with 
30 respect to each other and with respect to the fetus-related region of 
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interest, said optimal positioning satisfying an operating condition 
resulting in that the ultrasound waves of the predetermined frequency 
range overlap with the illuminating light within the fetus-related region of 
interest, while substantially not overlapping in a maternal tissues region 
5 outside the fetus-related region of interest, and in that the detection 

assembly collects light scattered from the fetus-related region of interest 
and from the maternal tissues region; 

operating the optical and acoustic units, when in the optimal positioning, 
and generating measured data indicative of collected light including 
10 scattered light having ultrasound tagged and untagged light portions, 

thereby enabling extraction from the measured data a data portion 
indicative of a light response of the fetus-related region of interest. 
According to yet another aspect of the invention, there is provided a 
method for operating a monitoring system configured for noninvasive monitoring 
15 at least one parameter of a region of interest in a human body, which system 
comprises an optical unit and an acoustic unit configured to generate acoustic 
waves of a predetermined ultrasound frequency range, the method comprising: 
operating the monitoring system to provide an optimal positioning of the 
optical and acoustic units with respect to each other and with respect to the 
20 region of interest to satisfy an operating condition for measurements, said 
operating condition resulting in that the ultrasound waves of the 
predetermined frequency range overlap with illuminating light generated by 
the optical unit within the region of interest, while substantially not 
overlapping in a region outside the region of interest, and in that a detection 
25 assembly of the optical unit collects light scattered from the region of interest 
and from the region outside the region of interest, thereby obtaining measured 
data indicative of scattered light having ultrasound tagged and untagged light 
portions, and enabling extraction from said measured data a data portion 
indicative of a light response of the region of interest. 
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The technique of the present invention may be used for noninvasive 
monitoring of various parameters of human blood and tissue. More specifically, 
the present invention is useful for monitoring fetal blood conditions and is 
therefore described below with respect to this application. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

In order to understand the invention and to see how it may be carried out 
in practice, preferred embodiment will now be described, by way of non-limiting 
examples only, with reference to the accompanying drawings, in which: 

Fig. 1A schematically illustrates a monitoring apparatus according to one 
10 embodiment of the invention for monitoring oxygen saturation or a fetus or any 
other region of interest in a human or animal body; 

Fig. IB exemplifies an operating method of the apparatus of Fig. 1A; 

Fig. 2 schematically illustrates a monitoring apparatus, according to 
another embodiment of the present invention; 
15 Fig. 3 A schematically illustrates a monitoring apparatus according to the 

invention configured to be capable of monitoring the fetal and maternal oxygen 
saturation; 

Fig. 3B illustrates a flow diagram of the main steps in a method of the 
invention using the apparatus of Fig. 3 A; 
20 Fig. 3C shows a flow diagram of a specific example of the method of Fig. 

3B; 

Fig. 3D schematically illustrates yet another example of a monitoring 
system of the present invention configured for monitoring the amniotic fluid 
condition; 

25 Fig. 4 schematically illustrates a monitoring apparatus, according to yet 

another embodiment of the present invention; 

Fig. 5 schematically illustrates a monitoring apparatus, according to yet 
another embodiment of the present invention; 
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Figs. 6A and 6B show bottom and side views, respectively, of a flexible 
probe according to one embodiment of the invention; 

Figs. 7A and 7B show bottom and side views, respectively, of a flexible 
probe according to another embodiment of the invention. 

5 DETAILED DESCRIPTION OF THE INVENTION 

Referring to Fig. 1A, there is schematically illustrated a monitoring 
apparatus, generally designated 100, constructed and operated as a fetal oxygen 
saturation monitor according to the invention. It should, however, be understood 
that the apparatus configuration is suitable for measuring various other 

10 parameters of a fetus 2 (such as the concentration of an analyte in the fetal blood, 
or the perfusion of an analyte/metabolite in fetal or maternal tissues). It should be 
understood that the apparatus of the present invention may be used for 
monitoring blood or tissue parameters of a human being. 

The apparatus 100 includes such main constructional parts as a 

15 measurement unit formed by an optical unit 101 including an illumination 
assembly 101A and a light detection assembly 101B; and an acoustic unit 
including a transducer arrangement 110. In the present example of Fig. 1A, the 
detection assembly includes a single detection unit. In this connection, it should 
be noted that the term "single detection unit" not necessarily signifies a single 

20 detector, but may refer to an array of detectors, provided they are associated with 
the same location with respect to the illuminated region. 

The optical and acoustic units are connectable to a control unit 120. The 
control unit 120 is typically a computer system including inter alia a power 
supply, a control panel with input/output functions, a memory utility, a data 

25 presentation utility (e.g., display), a data acquisition assembly, and a data 
processing and analyzing utility (e.g. CPU). The control unit 120 includes a 
signal generator (e.g. function generator) 120A to control the operation of the 
transducer arrangement 110, and an appropriate utility 120B for operating the 
optical unit 101. The CPU is preprogrammed for receiving measured data 
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coming from the detection assembly 10 IB and processing this data to determine 
the desired parameter, e.g., oxygen saturation of the fetus. 

In the present example, the optical unit 101 is configured as a portable 
probe including a support structure 103 carrying at least a part of the illumination 
5 assembly 101A and at least a part of the detection assembly 101B. The 
illumination assembly 101A is preferably configured for generating light of at 
least two different wavelengths. To this end, the illumination assembly may 
include at least two light emitters (e.g., laser diodes), one emitting narrow 
bandwidth photons of a wavelength within the range of 605nm to 805nm and the 

10 other emitting photons of a wavelength within the range of 800nm to 1300nm. 
The illumination assembly 101A may for example be preprogrammed to produce 
the different wavelength components at different times, or simultaneously 
produce wavelength components with different frequency- and/or phase- 
modulation. Accordingly, the control unit 120 is preprogrammed to identify, in a 

15 signal generated by the detection assembly 101B, the corresponding wavelength 
of the irradiating light, using time, phase or frequency analysis. 

The illumination assembly 101A may include light emitter(s) carried by 
the support structure 103 and communicating with the control unit 120 via an 
output port 121 of the light emitter(s) using wires 106 or wireless signal 

20 transmission. Alternatively, the light emitter(s) may be located outside the 
support structure 103 (e.g., within the control unit 120) and a light guiding 
assembly 106 (e.g., optical fibers) is used for guiding light to the output port 121 
located on the support structure 103. 

The detection assembly 101B includes one or more light detectors. This 

25 may be a photomultiplier tube, or preferably an image pixel array, e.g., CCD or 
an array of photodiodes. It should be noted that, for the purposes of the present 
invention, an input port 122 of the detection assembly 10 IB is larger than that 
used for imaging by means of diffuse light. In diffuse light imaging, localization 
is achieved by small input ports, otherwise light from a large volume is collected. 

30 According to the invention, light collection from a large volume is desired, since 
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localization is achieved by the ultrasound tagging. Hence, the input port 122 of 
the detection assembly 101B is optimized to collect light from a substantially 
large volume of tissue and/or blood, for example by using large area detectors or 
CCD cameras or an array of detectors comprising a single input port. 
5 As indicated above, the detection assembly 101B may include two 

separate detectors or an array of detectors. Each detector may be coupled to a 
bandpass filter configured for transmitting light of a corresponding one of the 
wavelengths produced by the illumination assembly lOlA.The bandpass filters 
may include high-pass, low-pass and bandpass optical filters. Alternatively 

10 narrow bandwidth detectors can be used. 

It should be understood that the detector(s) may be accommodated outside 
the support structure (probe) 103, e.g., may be located within the control unit 
120, and returned light (light response) may be guided from the input port 122 of 
the detection assembly via light guiding means 105 (e.g., optical fibers). It should 

15 also be understood that the connectors 105 and 106 may be electric wires 
connecting the control unit 120 to the illumination assembly and detection 
assembly located on the probe 103, or the connection may be wireless. 

Thus, generally, the terms "illumination assembly 9 ' and "detection 
assembly" or "detection unit" as carried by a support structure which is brought 

20 in contact with a human body, are constituted by at least light transmitting and 
receiving ports. Probes (kits) of the present invention including light transmitting 
and receiving ports and preferably also acoustic ports, will be described further 
below with reference to Figs. 6A-6B and 7A-7B. 

The control unit 120 (its signal generator 120A and CPU) is connected to 

25 the transducer arrangement 110 using cables 107 and/or using wireless means. 

An example of a monitoring method of the present invention, using the 
apparatus 100, will now be described with reference to Fig. IB. 

Step 1: Prior to performing the actual measurements, an optimal 
positioning of the assemblies of the optical unit and of the acoustic unit with 

30 respect to a region of interest (fetus) is provided to satisfy an operating condition 
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for measurements. The operating condition is such that both light (at least a 
portion of the illuminating light) and the acoustic radiation irradiate the same 
region (volume) simultaneously, while substantially not overlapping in outside 
regions (maternal tissues 11); and that the detection assembly detects light 
5 scattered from both the region of interest and regions outside thereof. Preferably, 
the region where the ultrasound and light overlap is the region of interest (fetus 
2), but generally a region outside the region of interest may be selected to be 
overlapping region. Generally speaking, the positioning of the optical unit and 
transducer arrangement with respect to the fetus 2 is such as to enable 

10 distinguishing between scattered photons collected from the maternal tissues 11 
and from the fetus 2 using ultrasound tagging of light. 

This pre-positioning utilizes an ultrasound imaging of the region of 
interest. To this end, an imaging system of any known suitable configuration may 
be used, which may utilize the same transducer arrangement 110 used for the 

15 measurement process or another ultrasound transducer(s). Ultrasound images of 
the maternal tissues 11 (e.g. abdomen, uterus) and of the fetus 2 are acquired and 
analyzed by the control unit 120 (which in this case is installed with a suitable 
image processing utility) or another appropriately preprogrammed computer 
system, to determine the optimal positioning of the optical unit 101 (namely the 

20 illumination assembly 101A and the detection assembly 101B) relative to the 
fetus and relative to the acoustic unit 110. 

It is important to note that according to the invention, ultrasound tagging 
is utilized for the purposes of "tagging" a light response from a selected region of 
interest (fetus), thus enabling processing of detected tagged and untagged light 

25 portions to identify the light response of the selected region of interest. This is 
contrary to the known techniques where ultrasound tagging is used for imaging 
purposes to enable two and three-dimensional imaging. 

The illumination assembly 101 A is preferably placed at the shortest 
distance to the fetus 2, preferably to the fetal head. It should be understood that 

30 other organs or tissues of fetus 2 may be chosen for measurements as well. 
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Preferably, the illumination assembly 101A is placed such that a light path 
between the illumination assembly 101A and the fetus 2 is that suffering the least 
attenuation at the wavelengths chosen for measurements , as compared to the 
other paths. The distance between the illumination assembly 101A and the 
5 detection unit 101B is preferably determined to be at least equal to and preferably 
larger than the distance between the illumination assembly 101 A and the head of 
the fetus 2. 

Preferably, the support structure 103 is configured to define various 
positions for attaching the detection unit 101B and/or the illumination assembly 

10 101 A to be at the correct distance between them. For example, these positions 
may be determined by using a sliding bar (not shown) that is attached to the light 
detection unit 101B and can be secured to the support structure 103 using a small 
screw or a latch. Alternatively, a plurality of light output ports and/or plurality of 
light input ports are provided on the support structure 103 and the control unit 

1 5 120 operates to select the appropriate light source(s) and detector(s) (light output 
port and light input port) for measurements. This selection is based on the signals 
generated by each detector and on the geometry of the maternal tissues and the 
position of the fetus. 

Additionally, the illumination assembly 101 A and the detection unit 10 IB 

20 are placed such that the light output port 121 of the illumination assembly and 
the light input port 122 of the detection assembly are in close contact with an 
outer skin 10 of the maternal abdomen. Optionally, an index matching oil or 
adhesive is used to reduce reflection of light from the outer skin 10. The adhesive 
may be used to secure the apparatus 100 to a specific location on the maternal 

25 abdomen. Alternatively, or additionally, a belt can be used to prevent movement 
of the apparatus 100. 

Once the position of the illumination assembly 101A and the detection 
assembly 101B is fixed, the ultrasound transducer arrangement 110 is positioned 
such that acoustic waves 150 generated by the transducer arrangement 110 are 

30 coupled into the maternal abdomen, propagate through uterus and amniotic fluid, 
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and reach the fetus 2. For example, in the case the illumination assembly 101 A 
and detection assembly 101B are appropriately placed to illuminate and collect 
light scattered by the fetus head, the transducer 110 is placed such that the 
acoustic waves 150 propagate through the same region of the head from which 
5 scattered photons 155 are detected by the detection assembly 101B. The 
transducer 110 may be fixed to an appropriate location using an ultrasound 
transmitting adhesive or using gel for acoustic coupling, and optionally a belt for 
fixing the transducer to one location. Alternatively, the ultrasound transducer 
arrangement 110 is configured as a phased array transducer producing a focused 
10 beam that is being scanned over a region of skin 10 overlaying the maternal 
tissues 11. 

Step 2: Having optimally positioned the illumination assembly 101 A, 
detection unit 101B and ultrasound transducer arrangement 110, measurements 
are taken by appropriately operating the apparatus 100. The control unit 120 

15 actuates the illumination assembly 101 A to generate photons 155 of at least two 
wavelengths. The photons 155 propagate through maternal tissues, through the 
uterine wall, and reach the fetus 2. A portion of photons 155 is absorbed by 
hemoglobin in the fetus blood, and a portion of photons 155 is scattered by 
tissues and cells of the fetus 2 and of the mother. A portion of the scattered 

20 photons 155 propagates through the maternal tissues 11 and reaches the detection 
assembly 101B. The latter collects at least a part of this portion of the scattered 
photons 155 and generates measured data indicative thereof, i.e., an electric 
signal in response to the number of photons that are collected at the input port 
122 of the detection unit at a specific point in time for each irradiating 

25 wavelength generated by the illumination assembly 101A. 

It should be noted that, in the case the detection assembly 101B is spaced 
from the illumination assembly 101 A a distance equal to or larger than twice the 
minimal distance between the fetus 2 and the illumination assembly 101 A, the 
detection unit 101B collects both back and forward scattered photons. In the case 

30 the illumination assembly 101A includes a laser with a coherence length larger 
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than the optical path of scattered photons in the tissue, an interference pattern 
resulting in a speckle image is generated on the input port 122 of the detection 
assembly. In order to detect and analyze the speckle image, the detection 
assembly 101B may include an array of detectors with an individual size 
comparable to that of individual speckle. The illumination assembly 101A may 
be configured and operable to produce a continuous stream of photons 155 (CW), 
or a time modulated stream (at a certain frequency W), or a train of pulses. 

In the present example of Fig. 1A, a portion of detected photons scattered 
by the fetus 2 are tagged by ultrasound waves, while detected photons scattered 
by the maternal tissues 11 are untagged. As photons 155 illuminate the fetus 2, 
the transducer 110 generates acoustic waves 150 that propagate through maternal 
tissues to irradiate the same volume of the fetus 2 from which scattered photons 
155 are detected by the detection assembly 101B. The interaction of acoustic 
waves 150 with photons 155 results in that the frequency of photons 155 is 
shifted by the frequency of acoustic waves 150 (acousto-optic effect). These 
frequency-shifted or frequency-modulated photons are thus "tagged" and can be 
identified. The detection assembly 101B detects both the frequency shifted 
photons ("tagged photons") and the photons at the original frequency ("untagged 
photons") at both wavelengths. The detection assembly 101B generates measured 
data (electric signals) in response to both the tagged and untagged photons. 

Step 3: The control unit 120 processes the measured data using an 
appropriate algorithm according to the type of detection used. For example: in 
the case of a single (large area) detector, heterodyne detection (e.g., as described 
by [Lev A. and B.G. Sfez Optics Letters (2002) 27 (7) 473-475]) is used to 
separate data indicative of the signal of the tagged photons; when a CCD camera 
is used and a full speckle image is detected, the technique described by 
[Leveque-Fort et al. in Optics Communication 196 127-131 (2001)] is used to 
determine the optical signal of photons scattered from the particular volume 
which is tagged by ultrasound waves. 
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Using the above, or other suitable, techniques, it is possible to determine 
the effective attenuation of photons 155 as they propagate through the fetus 2. To 
this end, ultrasound radiation may be applied such that acoustic waves 150 
propagate through different depths of the fetal tissues (e.g., by displacing the 
5 transducer arrangement with respect to the body or by using a phase array 
transducer). Accordingly, the absorption coefficient and the reduced scattering 
coefficient can be isolated in the two wavelengths chosen for illumination. For 
example, using a similar equation to equation 4 of Lev et al. referenced above: 



it is possible to determine the oxygen saturation level of the fetus. Here, x is the 
fraction of deoxyhemoglobin, y are the molar extinction coefficients of 
oxyhemoglobin(O) and deoxyhemoglobin (H) at both wavelengths (in the 

15 referenced paper, 6 stands for 690nm and 8 for 820nm) and |i eff>6 and ji effs8 are 
the measured attenuation coefficients at 690 and 820nm, respectively. 

The ultrasound transducer 110 is kept at a specific location, which is 
optimal for propagating acoustic waves through the same volume of the fetal 
body (such as the head) from which scattered photons 155 are detected by the 

20 detection assembly 10 IB. The beam size of transducer 110 is such that the cross 
section volume between photons 155 and acoustic waves 150 is as large as 
possible, whether focused or not, for increasing the signal to noise ratio (SNR) of 
the detection system, without compromising the sensitivity to detect only the 
fetal oxygen saturation and not the maternal one. 

25 As indicated above, the present invention utilizes ultrasound tagging for 

the purposes of distinguishing between light responses of the regions of the fetus 
2 and the region of maternal tissues 11. Preferably, the frequency of acoustic 
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waves generated by the transducer arrangement 110 is in the range of 50kHz- 
8MHz, and more preferably - lower than 1MHz. This frequency range provides a 
better SNR for ultrasound tagged light, as it increases the fraction of photons that 
are tagged, but results in a lower focusing resolution. This is in contrast to 
5 imaging modalities known in the art, where it is desired to improve the imaging 
resolution and thus higher frequencies and minimal cross section are 
conventionally chosen. In addition, the detection assembly 101B collects forward 
and back scattered photons according to the preferred geometry of FOSM 100. 
Therefore, a number of photons collected by the detection assembly 101B is 

10 higher than in cases of reflection based imaging disclosed in the above 
references, thus enabling an improved SNR. Hence, the invention enables using 
safer light energies for illumination. It should be understood that such a 
configuration, although rendering high resolution imaging more complicated than 
the case where primarily back scattered photons are detected, is highly suitable 

15 for fetal oximetry. 

The control unit 120 analyzes both back and forward scattered tagged 
photons to determine the optical attenuation of light propagating through the fetal 
head. Consequently, the control unit 120 needs not perform high resolution 
imaging of the fetus, but rather just analyze the collected photons 155 scattered 

20 by a large volume of the fetal tissues. 

Step 4: The control unit 120 processes that portion of the measured data, 
which is associated with tagged photons scattered from the fetus (identified as 
described above), to determine the desired parameter of the fetus - oxygen 
saturation in the present example. Two modalities can optionally be used to 

25 determine the oxygen saturation level of a fetus intrautero, one being based on 
measuring the average oxygen saturation level (known as oximetry) and the other 
being based on measuring the oxygen saturation level correlated with changes in 
the blood volume during the cardiac cycle (known as pulse oximetry). 

Oxygen saturation S is a ratio between the concentration of oxygenated 

30 hemoglobin [HbO] and the total concentration of hemoglobin [HbT] in blood: 
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S=[HbO]/[HbT] (*100%) [1] 

[HbT]=[HbO]+[Hb] [2] 
5 wherein [Hb] is the concentration of deoxygenated hemoglobin. 

The saturation S can be extracted from the attenuation coefficient 
measured for at least two wavelengths JLj and ^ where the molar absorption and 
scattering coefficients for Hb and HbO at each wavelength are known in the 
literature. It should be noted that more than two wavelengths can be used, to 
10 improve sensitivity of the measurement. 

As the arteries expand, a blood volume [HbT] is increased by [AHbT], 
therefore absorption changes periodically. The optical attenuation at and A, 2 is 
measured at predetermined points (for example, the maxima and minima of a 
power spectrum of the tagged signal or the processed tagged signal, as defined 
15 below) generated by the detection assembly 101B during a cardiac cycle. As 
indicated above, in the present example tagged signal is that associated with the 
fetus. The saturation S can be calculated from differences in attenuation of light 
(AOD) at each wavelength between maxima and minima. 

20 AOD x = (^^ Q [HbO] + ja^[Hb])d = (^^ Q S + ^^(1 — S))[HbT]d [3] 

wherein Mmo^MMb are the molar attenuation coefficient of oxygenated and 
deoxygenated hemoglobin respectively, at wavelength A (X=X U X 2 ) and d is the 
distance from the source to the target tissue (fetal or maternal). 
25 Defining the ratio R between AOD x at each wavelength X } and 

R AOD" ^ [M^oS + ju'ljl-S)] 
AOD" 2 [MhIoS + MhIQ-S)] 



WO 2005/025399 



PCT/IL2004/000835 



-25 - 

saturation S is extracted from equation [4] when AOD u and AOD X2 are measured 
and the molar attenuation coefficients are known. 

According to an embodiment of the present invention, the control unit 120 
analyzes signals generated by the detection assembly 101B in response to each 
5 wavelength X u ^generated by the illumination assembly 101 A. The signals 
corresponding to tagged photons 155 are selected by the detection assembly 
10 IB using heterodyne detection, or by the control unit 120 using frequency 
analysis and/or speckle imaging. These signals are termed "tagged signals". The 
time dependent amplitude and/or phase of the tagged signals for each wavelength 

10 A/ 9 /t 2 is stored in the memory of the control unit 120, over a specified period of 
time of at least one fetal heart cycle. To determine the oxygen saturation level of 
the fetus, the control unit 120 determines the changes in attenuation of tagged 
signals at each wavelength. 

Considering the determination of oxygen saturation of fetus 2 based on 

15 oximetry, the time averaged signals generated by the detection assembly 101B in 
response to the tagged photons 155 of at least two illuminating wavelengths 
reaching the input port 122, are used to determine the oxygen saturation level. 
Time averaging can be performed over longer time scales than the duration of a 
fetal heart cycle. 

20 Considering pulse oxymetry used for determining oxygen saturation of a 

fetus, the temporal changes (due to the fetal cardiac cycle) in the blood volume of 
the fetus are monitored by the control unit 120 by monitoring the low-frequency 
changes (l-2.5Hz) in the signals generated by the detection assembly 101B in 
response to the tagged photons 155of at least two illuminating wavelengths 

25 reaching the input port 122 of the detection assembly. Since the ultrasound 
frequency is orders of magnitude higher than the fetal heart rate, it is possible to 
average the signals responsive to tagged photons over a fraction of the fetal heart 
cycle to improve the SNR of the measurement. Using methods of pulse oximetry, 
both the oxygen saturation and the pulse rate are determined simultaneously. 



WO 2005/025399 



PCT/IL2004/000835 



-26- 

The control unit 120 displays the determined fetal oxygen saturation level, 
along with fetal heart rate, as a function of time. Fetal heart rate is determined by 
low-frequency analysis of the tagged signals. The control unit 120 optionally 
alerts using a suitable indication utility (e.g. sound and/or light signal), when 
5 oxygen saturation level drops below a certain threshold (for example 30% or 
40%), or when fetal heart rate changes abnormally. 

Preferably, monitoring apparatus 100 provides for calibrating for 
movements of fetus 2 during the measurement. To this end, the control unit 120 
operates to determine the position of fetal head relative to the apparatus 100. This 

10 is carried out either periodically, or upon detection of signals not corresponding 
to a normal heart rate or oxygen saturation level. The control unit 120 sends a 
control signal to the transducer arrangement 110 initiating an ultrasound echo 
measurement. In an echo measurement, the transducer arrangement 110 transmits 
acoustic waves 150 into maternal tissues, and collects acoustic waves 150 

1 5 reflected by fetal and maternal tissues. The reflected signals are analyzed by the 
control unit 120 (using any conventional ultrasound imaging technique) to 
determine a position of the fetal head. If a substantial movement is detected, the 
control unit 120 sends a signal to the transducer arrangement 110 to optionally 
change a direction of acoustic waves 150 in a new direction corresponding to a 

20 new position of the fetus 2. Additionally or alternatively, the control unit 120 
alerts the operator of apparatus 100 to readjust the position of the apparatus 
accordingly. 

Although the above description refers to a single fetus, it should be 
understood that the technique of the present invention can easily be adapted for 
25 monitoring several fetuses intrautero. The location of each fetus is determined 
using an ultrasound imaging system, and different monitoring apparatuses (i.e., 
optical and acoustic units) or an integrated multi-fetuses apparatus are used. All 
the monitoring apparatuses can be hooked to the common control system that 
controls each apparatus separately, and processes the signals using the same or 
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different processing utilities. A display shows the oxygen saturation level of each 
fetus separately along with its heart rate and other parameters. 

The present invention also provides for advantageously utilizing the 
principles of ultrasound tagging of light in pulse oximetry for monitoring oxygen 
5 saturation in a localized region of interest in a human or animal body (without a 
fetus). Turning back to Fig. 1A, the optical unit 101 is configured as a pulse 
oximeter, namely includes an illumination assembly 101 A configured to generate 
light of at least two different wavelengths and a light detector 10 IB; and is used 
in combination with the transducer arrangement to significantly improve the 

10 pulse oximetric measurements. The monitoring apparatus 100 may be configured 
to operate in a transmission mode (light transmission based detection), such as 
the conventional pulse oximeter placed on a finger or earlobe. In this case, the 
support structure 103 is located such that the illumination assembly 101A is co- 
linear with the detection assembly 101B: the illumination assembly 101A is 

15 placed at one side of the tissue and the detection assembly 101B is placed at the 
opposite side of the tissue, therefore ballistic and scattered light emitted from 
illumination assembly 101A are detected by detection assembly 101B. The 
transducer arrangement 110 is placed such that acoustic waves overlap with an 
illuminated region in the region of interest from which scattered light reaches the 

20 detection assembly 101B, which is preferably the region encompassing a blood 
vessel (e.g. an artery) or a collection of arterial vessels. In other applications, 
requiring reflection based detection from a region of interest ("reflection mode"), 
the apparatus 100 is located as described for the fetus-related application, where 
the region of interest preferably encompasses a blood vessel (e.g. an artery) or a 

25 collection of arterial vessels. Such an arrangement is superior to conventional 
pulse oximeter as it is not affected by incoherent ambient light, and more 
importantly is less affected by motion of the tissue relative to illumination and 
detection assemblies, as long as the region of interest is kept illuminated and the 
acoustic waves propagate through it. 
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It should be understood that using the ultrasound tagging of light in the 
pulse oximetry based measurements significantly improves the measurements, 
since the measured power spectrum of an ultrasound-tagged light signal is 
practically insensitive to movements of the region of interest under 
5 measurements, which is the common problem of the typical pure pulse oximetry 
measurements. 

Fig. 2 exemplifies another configuration of a fetal oxygen saturation 
monitor, generally designated 200, of the present invention. To facilitate 
understanding, the same reference numbers are used for identifying components 

10 that are common in all the examples of the invention. In the apparatus 200, an 
illumination assembly 101A includes a light source 201A mounted within a 
control unit 120 and an optical fiber 201B guiding light from the light source to 
the region of interest (fetus). The optical fiber 201B is inserted into the vaginal 
track of the pregnant woman (using suitable means, for example a flexible 

15 support structure which is not specifically shown). The optical fiber 201B is 
positioned such that it is in close contact with the cervix or to amniotic 
membranes prior to rupture. Optionally, following membrane rupture optical 
fiber 201B is attached to the presenting part of the fetal head with the aid of a 
support structure. A light detection assembly 101B is placed on the maternal 

20 abdomen, such that it collects photons scattered by the fetal blood. The detection 
assembly 10 IB is connected to a suitable utility of the control unit 120 via wires 
(as shown in the figure) or wireless. An ultrasound transducer arrangement 110 is 
also placed transabdominal^ such that acoustic waves 150 can propagate 
through the part of the head of a fetal 2 being closest to the optical fiber 20 IB 

25 and detection assembly 10 IB. In some cases, it may be advantageous to 
introduce the transducer arrangement 110 also through the vaginal track. 

Reference is made to Fig. 3A exemplifying a preferred embodiment of a 
monitoring apparatus 300 according to the invention. The apparatus 300 is 
configured generally similar to the above-described apparatus 100, namely 

30 includes an acoustic transducer arrangement 110, and an optical unit 101 having 
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a probe 103 carrying at least a part of an illumination assembly 101A and at least 
a part of a detection assembly. Here, the detection assembly is formed by two 
detection units 101B and 101C associated with different locations with respect to 
the illuminated region defined by a location of the illumination assembly 101A. 
5 The additional detection unit 101C is also attached to the support structure 
(probe) 103 and is connected to a control unit 120 via electrical cable (not 
shown) or wireless means. 

One of the detection units — detection 101C in the present example, is 
located in the proximity of the illumination assembly 101A, and the other 

10 detection unit 10 IB is located at a larger distance from the illumination 
assembly. In the present example, the detection unit 101C is located between the 
illumination assembly 101A and the detection unit 101B. Generally, the 
arrangement of the illumination assembly and detection units is such that one of 
the detection units (detection unit 10 1C) is located close to the illumination 

15 assembly to therefore detect photons 165 scattered from regions outside the fetus 
2 (i.e., light reaches the detector 101C prior to reaching the fetus); and the other 
detector 101B) is more distant from the illumination assembly and thus detects 
photons 155 scattered from the fetus and propagating through the maternal 
tissues region and being thereby affected by the maternal tissues. 

20 The transducer arrangement 110 is aligned and/or scanned, such that it 

transmits acoustic waves 150 to the volume within the illuminated region of the 
fetus from which photons 155 are detected by the detection unit 101B, and 
substantially does not irradiate the maternal tissue region from which photons 
165 are collected by the detection unit 101C. 

25 Signals (measured data) generated by the detection unit 101 C may be used 

by the control unit 120 to determine the maternal oxygen saturation level and 
heart rate simultaneously, which may thus be displayed. Generally, the use of the 
additional detection unit 101C located close to the illumination assembly 101A 
assists in separating a light response of the fetus region 2 from that of the 

30 maternal tissues' region 11, since the detection unit 101C so-positioned will 
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detect scattering effect of light that traveled through the maternal tissues and did 
not reach the fetus, and which is thus indicative of the maternal region response 
only. The other detection unit 101B practically detects photons 155 including the 
tagged response of the fetus and the tagged response of the maternal tissues. 
5 It should be understood that generally the detection unit detects the tagged 

light response of the fetus affected by the maternal tissues. Hence, the expression 
"tagged response of the maternal tissues" means photons tagged (by ultrasound) 
inside the volume of the fetus being scattered by maternal tissue. 

Both the tagged and untagged responses of the maternal tissues' region are 

10 identically frequency modulated by the mother's heart rate. Hence, the first 
measured data from the detection unit 101C, which is mainly indicative of the 
untagged light response of the maternal tissues, can be used to analyze the 
second measured data from the detection unit 101B to separate a signal indicative 
of a light response of the fetus from that of the maternal tissues. 

1 5 Fig, 3B illustrates a flow chart of the main operational steps of a method 

of the invention utilizing the monitoring system 300. 

Step 1 : First, optimal positioning of the illumination assembly, detection 
assembly and acoustic transducer arrangement is provided as described above. 
This positioning ensures that acoustic waves interact with the region of interest 

20 (fetus volume) from which photons 155 are detected at the detector 101C and 
substantially do not interact with the region outside the region of interest 
(maternal tissues) from which photons 165 are detected by the detector 101C. 

Step 2: Actual measurements are performed when at the optimal positions 
of the illumination, detection and acoustic assemblies. Measured data includes: 

25 (1) a first data portion generated by the detection unit 101C and indicative of the 
untagged photons coming from the maternal tissues; and (2) a second data 
portion generated by the detection unit 101B and indicative of the photons 
including tagged and untagged photons coming from the fetus, and untagged 
photons coming from the maternal tissues. 
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Step 3: The measured data is processed to filter out, the contribution of 
tagged and untagged photons scattered by regions outside the region of interest, 
to the measured signal, wherein this contribution is identified as that having 
frequency modulation by the mother's heart rate, as previously identified from 
5 the data portion (1). Hence, the so-separated light response of the fetus can be 
processed to determine the desired parameter of the fetus. The control unit 120 
may use signals generated by the detection units 101B and 101C to determine 
fetal and optionally maternal oxygen saturation levels. 

More specifically, the apparatus 300 operates as follows: The illumination 

10 assembly 101 A simultaneously generates photons of two different wavelengths 
(generally, at least two wavelengths). Photons denoted 155 are photons scattered 
from maternal and fetal tissues and reaching an input port 122 of the detection 
unit 101B, i.e., photons scattered from a tagged volume of tissue, that is 
intermittently or continuously radiated by acoustic waves 150 generated by 

15 transducer 110. 

The transducer arrangement 110 may, for example, be operated to 
generate a burst of acoustic waves, with a delay of at least t on between the end of 
one burst and the onset of another burst. Time t 0 is the time it takes the acoustic 
burst to reach the target fetal tissues (e.g. head). The duration of the burst At 0 is 

20 determined such that at time t f , bounded by a condition t 0 < tf<(t 0 +At 0 ), the 
acoustic pulse propagates primarily through target fetal tissues (i.e., through a 
volume AV of fetal tissues). Therefore, during this time t f the acoustic burst 
reaches the target fetal tissues, and acoustic waves are hardly propagating 
through maternal tissues. A portion of photons 155 propagating through the same 

25 volume of fetal tissues during time tf is tagged. Whereas, photons 165 are those 
propagating only through maternal tissues at the same time t f and are therefore 
untagged (since they did not interact with the ultrasound irradiated region). 

The detection unit 101C is placed at a distance Q from the illumination 
assembly 101A, such that its input port collects primarily photons 165 that are 

30 not scattered from the tagged volume. The detection unit 101C is optionally 
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moved until it does not collect tagged photons, and is then fixed in the 
appropriate position. It should be noted that, alternatively, the detection units 
101B and 101C are fixed in place, and a position of the ultrasound transducer 
arrangement 110 is adjusted to be such that the tagged photons 155, scattered 
5 from fetal tissues, primarily reach the detection unit 101B and not the detection 
unit 101C. 

Fig* 3C more specifically exemplifies the data processing procedure for 
processing measured data from the apparatus 300. The detection unit 101B 
receives photons 155 including tagged and untagged photons scattered by the 

10 uterus and tagged photons scattered by the fetus, while the detection unit 101C 
receives primarily only untagged photons 165 scattered by the maternal tissues. 
A signal that is generated by the detection assembly 101B in response to 
collected photons 155 is referred to as "signal A". A signal generated by the 
detection unit 101C in response to photons 165 is referred to as "signal B". 

15 According to this example, two models are used to describe the 

propagation of light in a multi layer tissue system. Such models are described for 
example by Keinle et aL in Physics in Medicine and Biology 44: 2689-2702 
(1999). One model (Model A) includes the parameters representing some of the 
tissues through which photons 165 propagate from the illumination assembly 

20 101A through a medium until they reach the detection unit 101C, and the other 
model (Model B) includes the parameters representing some of the tissues in the 
medium through which tagged photons 155 propagate until they reach the 
detection unit 101B. The models include known parameters, such as the molar 
absorption and scattering coefficients of blood cells, and of oxygenated 

25 hemoglobin and deoxygenated hemoglobin at each of the wavelengths of 
illuminating photons. In addition, the models may include the thickness of the 
layers (maternal and fetal), presence and volume of amniotic fluid in the light 
path and other parameters that are measured during the operation of apparatus 
300 (as described above with reference to apparatus 100 of Fig. 1). Some tissue 
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parameters in the model may be averaged or other manipulations of the known or 
measured parameters of the real tissues in models A and B may be carried out. 

Given a certain source amplitude, and the known separation between the 
illumination assembly 101A and the detection unit 101C, model A is used to 
5 calculate the expected time dependent photon flux, or light intensity at the input 
port of the detection unit 101C. The expected time dependent photon flux or light 
intensity is used to calculate the expected signal (termed "signal C") that can be 
generated by the detection unit 101C in response to such a photon flux. Signal C 
actually presents theoretical data for untagged photons at the location of 

10 detection unit 101C, while signal B presents real measured data for untagged 
photons collected by the detection unit 101C. The parameters of model A are 
adjusted such that signal C is made equal to or closely resembles signal B (best 
fitting). Signal processing techniques based on optimization algorithms, such as 
neural network, can be used to optimally determine the parameters of model A. 

15 The parameters are used to calculate the optical properties of some of the tissues 
through which photons 165 propagate. 

Additionally or alternatively, certain parameters of models A and B (such 
as thicknesses of maternal tissues, in particular uterine wall, and/or tensions of 
muscles) may be unknown, and be determined during operation. During 

20 contractions, the thickness of the uterine wall and the tension of the muscles 
change. Controller 120 determines the thickness of the uterine wall as a function 
of time by optimizing primarily this parameter of model A. Once determined, 
these parameters are used to determine contractions* duration and amplitude. 
Alternatively, tissue velocity measurements are performed by ultrasound 

25 assembly 110, using techniques known in the art for echocardiography. 
Transducer arrangement 110 emits acoustic pulses (not shown) that are reflected 
back by uterine muscles. The reflected pulses are Doppler shifted with respect to 
the emitted acoustic pulses. Controller 120 analyzes the reflected signals to 
determine the thickness and velocity of the muscles. During contractions the 

30 thickness and velocity change, therefore controller 120 monitors these changes as 
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a function of time. Consequently, controller 120 displays the amplitude and 
duration of the contractions. The apparatus 300 thus provides information needed 
to monitor the progression of labor (contractions' duration and amplitude) in 
addition to fetal well being (heart rate and oxygen saturation). 
5 In addition, signal B is optionally used to extract maternal oxygen 

saturation level, by using the time dependent amplitudes of the signals generated 
by the detection unit 101C in response to photons 165 of at least two 
wavelengths. 

It may generally be assumed that the optical properties of tissues outside 

10 the region of interest (outside fetus) through which both photons 155 and 165 
propagate are similar (for example maternal abdominal tissues). Alternatively, it 
may be assumed that by determining the parameters and optical properties of the 
tissues through which photons 165 propagate, one can deduce, within a 
reasonable error, the optical properties of corresponding tissues (e.g., other areas 

15 of maternal abdominal tissues) through which photons 155 propagate. The 
parameters calibrated by signal B and the optical properties of the tissues through 
which photons 165 propagate are then used to calibrate model B that describes 
the propagation of photons 155 through maternal and fetal tissues. 

The time dependent amplitude of signal A at all wavelengths of photons 

20 155 is processed by the control unit 120 using techniques known in the art, such 
as digital Fourier transformations and analog or digital filtering, to extract, from 
the entire signal A, a signal portion corresponding to the tagged photons 155. 
This signal portion is termed "tagged signal A". Tagged signal A is that 
modulated at the ultrasound frequency generated by the transducer arrangement 

25 110. The amplitude of the power spectra of the tagged signal A at the ultrasound 
frequency (or related to the ultrasound frequency), the modulation width of its 
power spectra or other features of tagged signal A, such as its phase, are termed 
together as "processed tagged signal A" This processed tagged signal A is 
actually indicative of both the maternal tissues response and the fetus response 
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tagged by ultrasound. In addition, the signal A contains information which is not 
modulated at the ultrasound frequency, termed "untagged signal A". 

According to this specific embodiment, untagged signal A may also be 
used in the data processing and analyzing procedure, for example to determine 
5 some of unknown parameters of model B and further optimize this model. For 
example, untagged signal A may contain signals which are modulated by 
maternal cardiac cycle, and have a modulation frequency of 0.5-2Hz 
corresponding to maternal heart rate F m . Signal B is also modulated at the same 
frequency, as photons 165 propagate through maternal tissues containing the 
10 same pulsating blood. Consequently, untagged signal A and signal B may be used 
to calibrate model B relative to model A, where differences and similarities 
between untagged signal A and signal B are used to optimize the parameters of 
model B. 

In addition, tagged signal A and/or processed tagged signal A are also 

15 modulated at maternal heart rate, as tagged photons 155 pass through maternal 
tissues before and after they pass through the tagged volume. Consequently, 
tagged signal A and/or processed tagged signal A modulated at this low 
frequency may be used in conjunction with untagged signal A and/or signal B to 
extract the portion of tagged signal A that is affected by absorption by fetal 

20 blood. This portion calculated for all wavelengths of photons 155, is used to 
extract the fetal oxygen saturation level. 

According to another embodiment of the invention, only tagged signal A 
and untagged signal A at all the wavelengths of photons 155 are used to extract 
fetal oxygen saturation levels. According to yet another embodiment, tagged 

25 signal A and/or processed tagged signal A are used to determine fetal oxygen 
saturation at all fetal heart rates F f , where F#F m (or more precisely F f >F m +BW, 
where BW is the bandwidth of the detection system, as fetal heart rate is usually 
faster than maternal heart rate). First, tagged signal A is extracted (separated) by 
the control unit 120 as described above. Then, the modulation amplitudes of 

30 tagged signal A and processed tagged signal A at F f and F m are determined. 
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Tagged photons 155 are modulated at F f , however a modulation at F m may also 
exist, as tagged photons 155 also propagate through maternal tissues. When this 
modulation is small, its contribution at higher harmonics (i.e., 2F m , 3F m ) is 
negligible. The amplitudes of tagged signal A, processed tagged signal A and 
5 untagged signal A modulated at frequency F m are optionally used to determine 
certain tissue parameters in model B. Using these parameters, tagged signal A is 
calibrated to correspond primarily to fetal contributions. Fetal oxygen saturation 
is extracted from features (such as the modulation amplitude, the bandwidth of 
the modulation, autocorrelation etc.) of the calibrated tagged signal A and/or 

10 processed tagged signal A modulated at F f at all wavelengths of photons 155. 

In some cases where the modulation of tagged signal A at F f in the range 
of 2F m -BW<Ff<2F m +BW can not be neglected, signal B and untagged signal A 
are used to determine fractions of tagged photons 155 that are modulated by 
maternal blood, by fitting the parameters of models A and B as described above. 

15 Once the parameters are determined, fractions of tagged photons 155 that are 
modulated by maternal blood and fetal blood can be determined using known 
methods, for example such as Monte Carlo simulations. Using the results of the 
simulations, tagged signal A is calibrated to correspond primarily to fetal 
contributions. The calibrated signal is then used to extract fetal oxygen saturation 

20 levels as described above. 

Turning back to Fig. 3A, it should be noted that the acoustic transducer 
arrangement may be accommodated such that acoustic waves propagate towards 
the fetus along an axis passing between the illumination assembly and the 
detection assembly. For example, the transducer arrangement or its associated 

25 ultrasound port is located on the same support structure 103. The optical unit is 
preferably operated to start illumination/detection a certain predetermined time 
after the generation of the acoustic radiation, which is the time needed for the 
acoustic radiation of a given frequency to arrive at the region of interest (fetus). 
This ensures that light detected by the detection unit 101C is not affected 

30 (tagged) by the acoustic radiation. 
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Alternatively or additionally, the apparatus of the present invention, for 
example configured as the above-described apparatus 300, can be used to 
monitor the optical properties of the amniotic fluid surrounding the fetus. In this 
case, a region within the amniotic fluid presents a region of interest, and as 
indicated above the term "maternal tissues" refers to regions outside the region of 
interest. Optical properties of the amniotic fluid may include, for example, the 
absorption coefficient, the scattering coefficient, the reduced scattering 
coefficient and the refractive index of the fluid. Such optical properties are used 
to calculate the concentration of lamellar bodies, blood or meconium dispersed 
within the amniotic fluid. The calculated concentration is optionally compared to 
a threshold level as described below. 

As illustrated schematically in Fig. 3D, to monitor amniotic fluid, 
apparatus 300A is configured and positioned similar to the above-described 
apparatus 300, whereas the region of interest 2A is defined by a substantial 
volume of amniotic fluid, being at the shortest optical path to light output and/or 
input ports of illumination and detections assemblies. The substantial volume is 
that which allows for an overlap of illuminating light and an ultrasound beam 
within that volume. For example, in the case the illumination assembly 101A and 
detection unit 101B are appropriately placed to illuminate and collect light 
scattered by the amniotic fluid 2A, a transducer arrangement 110 is placed such 
that acoustic waves 150 propagate through the same region of the amniotic fluid 
2A from which scattered photons 155 are detected by a detection unit 101B. 
Preferably, the detection assembly is configured such that a detection unit 101C 
collects untagged photons propagating through maternal tissues 11 A (a region 
outside the region of interest), and the detection unit 101B collects tagged and 
untagged photons propagating through a substantial volume of the amniotic fluid 
(region of interest). 

The apparatus 300A may be used for determining the optimal positioning 
of illumination/detection and ultrasound assemblies, having a plurality of input 
and output ports, such that the ultrasound beam is scanned over different 
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locations inside the body and the autocorrelation or power spectrum of signals 
generated by each detection unit are determined by a controller 120 in response 
to photons scattered from different volumes within the body overlapping with the 
ultrasound beam. As the line-width of the autocorrelation or power spectrum of 
5 the tagged signals, around the frequency of the ultrasound radiation, is different 
when tagging is performed inside a fluid volume than when performed in a tissue 
or bone volume, the controller 120 can determine, by monitoring the line width, 
when the ultrasound beam is used to optimally tag a volume of the amniotic 
fluid. 

10 For monitoring amniotic fluid, the illumination assembly 101 A includes 

one or more light sources generating a plurality of wavelengths (either 
simultaneously or sequentially) from 300nm to 12|j,m. For example, a plurality of 
wavelengths that are absorbed and/or scattered by lamellar bodies contained in 
amniotic fluid is chosen for determining the concentration of lamellar bodies. 

15 Preferably, the plurality of wavelengths is less absorbed by water. Such 
wavelengths may be chosen in the range of near infrared, i.e., 600nm-1300nm. 

At each wavelength, the control unit 120 optionally determines models A 
and B (as described above) for the overlaying maternal tissues 11 A (region 
outside the region of interest) and the amniotic fluid (region of interest), and 

20 determines tagged and untagged signal A and untagged signal B as described 
above. Processed tagged signal A and calibrated tagged signal A are used to 
determine the reduced scattering coefficient and the absorption coefficient of the 
tagged volume of amniotic fluid as explained below. 

The control unit 120 then determines the concentration of lamellar bodies, 

25 blood or meconium in the amniotic fluid. The output of the control unit 120 is 
displayed on the integrated display or communicated via wireless means or 
cables to another display or electronic processor. Possible outputs include but are 
not limited to a light signal indicating higher or lower concentration of lamellar 
bodies relative to a predetermined threshold, a number shown on the display 

30 corresponding to the concentration of lamellar bodies in addition to a display of 
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the threshold number for that value, a sound indicating high or low concentration 
of lamellar bodies relative to a threshold. The control unit 120 optionally displays 
a "mature" or "premature" signal, without quantitative information about the 
concentration of lamellar bodies, or displays "stained" or "clear" signal for the 
5 case of meconium staining. 

Lamellar bodies are produced by type II alveolar cells in increasing 
quantities as fetal lungs mature. They are composed almost entirely of 
phospholipid and represent the storage form of the surfactant. Their diameter is 
about 0.5-2 p,m, and their index of refraction is about 1.475. Consequently, when 

10 using the above wavelengths range, it is clear that Mie scattering dominates the 
scattering process of light from lamellar bodies. Choice of specific wavelengths 
depends on the optimal signal to noise ratio (SNR) of the apparatus used. The 
difference in wavelengths used for illumination has to provide a sufficient change 
in the scattering coefficient that can be detected by the system. The relationship 

15 between the wavelength and the reduced scattering coefficient /v of 
monodisperse scattering dielectric spheres is known in the literature to be: 

^,=3.28^v[^f) 0 ' 37 (/»-l) 2 09 [5] 
wherein a is the radius of the dielectric spheres, p is their volume density, X is the 

Yl 

wavelengths in vacuum, m=— where n s and n 0 are the refractive indices of the 

"o 

20 spheres and the surrounding material respectively. 

The reduced scattering coefficient /v is related to the scattering 
coefficient /u s using the following equation: 

M ,=(l-g) Ms [6] 
wherein g is the anisotropy factor related to the size and geometry of the 
25 scattering centers. 

Both the reduced scattering coefficient and the scattering coefficient can 
be determined according to an embodiment of the present invention. 
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As an example, light at a plurality of wavelengths is generated by the 
illuminating assembly 101 A. Wavelength selection is based on the absorption 
and scattering coefficients of the amniotic fluid. For example, amniotic fluid with 
no blood or meconium absorbs almost equally light at around 735nm and 780nm. 
5 Therefore, light distributions inside amniotic fluid at these two wavelengths will 
differ due to wavelength dependant changes of the reduced scattering coefficient 
of the fluid. This reduced scattering coefficient depends on the size, volume 
concentration and relative index of refraction of the lamellar bodies (as evident 
from equation 5 above). Therefore, by determining the reduced scattering 

10 coefficients at different wavelengths, the control unit 120 determines the 
concentration of lamellar bodies in the fluid using equation 5 (or a modified 
equation 5 which includes physiological parameters of lamellar bodies instead of 
monodisperse spheres). 

In order to determine the presence of meconium in the fluid, a different 

15 selection of wavelengths is used. It is known that meconium primarily contains 
blood and billirubin, therefore at least two wavelengths are used: one that is 
absorbed by blood or billirubin (for example 660nm) and the other that is weakly 
absorbed by either one of them (for example 1064nm). These wavelengths may 
for example be used in addition to the above mentioned wavelengths 735 and 

20 780nm. Irradiating the amniotic fluid with these two wavelengths (e.g., 660nm 
and 1064nm) will result in a different light distribution at the shorter wavelengths 
when meconium is present than in the case of no meconium. The absorption 
coefficient of the fluid at these wavelengths is also used to determine the 
concentration of meconium in the fluid. 

25 The control unit 120 determines the processed tagged signal A at the 

plurality of wavelengths used to illuminate the tissues, and stores them in 
memory. Since the time dependant variations in the optical properties of the 
amniotic fluid are very slow, tagged signal A at each wavelength can be 
integrated over long periods (much longer than the fetal or maternal heart beats). 

30 At those wavelengths, which are absorbed almost equally in the fluid, the 



WO 2005/025399 



PCT/IL2004/000835 



-41 - 

variations between the signals obtained at different wavelengths are proportional 
to the reduced scattering coefficient. From these variations of the measured 
parameters (listed below), the control unit 120 determines the reduced scattering 
coefficient. 

5 The control unit 120 determines the reduced scattering coefficient of the 

amniotic fluid by determining, for each illuminating wavelength, at least one of 
the following parameters: 

(a) The amplitude of the power spectra or autocorrelation of processed 
tagged signal A corresponding to the frequency of the ultrasound waves; 

10 (b) The line width of the power spectra or autocorrelation of processed 

tagged signal A (for example, the full width at half max around the frequency of 
the ultrasound waves); 

(c) The spatial attenuation of the amplitude of the power spectrum of 
tagged signal A corresponding to the ultrasound frequency. 

15 In the latter case, the ultrasound beam scans the illuminated region such 

that the overlapping volume, within the amniotic fluid, is varied along the optical 
path between the illumination assembly 101A and the detection unit 101B. For 
each location, tagged signal A or processed tagged signal A, is stored in memory, 
and the attenuation of the amplitude of the power spectrum of tagged signal A 

20 corresponding to the ultrasound frequency is determined. 

In order to determine the absorption coefficient, following the 
determination of the reduced scattering coefficient at the above wavelengths, 
different wavelengths which are differently absorbed in the fluid (such as 
1064nm or 660nm) are used and the above parameters are determined according 

25 to a specific method from those listed above. The absorption coefficient depends 
on the product of the concentration of the chromophores or structures within the 
fluid and the molar absorption coefficients (which are known in the literature). In 
order to determine the absorption coefficient, following the determination of the 
reduced scattering coefficient at the above wavelengths (735nm and 780nm), 

30 different wavelengths which are differently absorbed in the fluid (such as 
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1064nm or 660nm) are used to illuminate the body region. From the determined 
parameters of the signals at each wavelengths, the optical attenuation is obtained. 
The optical attenuation (U e ff is known to depend on both the reduced scattering 
(ja s -) and (ja a ) absorption coefficients where ju eff = -yj3ju a (ju a + // 5 .) , since the 

5 reduced scattering coefficients were determined before, the absorption 
coefficients can be extracted. 

Therefore, the concentration of absorbing centers (like meconium) is 
determined similar to the concentration of hemoglobin, as described above. 

In some embodiments of the present invention, a threshold value for 

10 mature lungs is an input parameter to the control unit 120 prior to its operation. 
In some embodiments of the present invention, several parameters are being 
input into the control unit 120 prior to operation. Some parameters are measured 
by an ultrasound imager, such as, thickness of uterine wall or thickness of 
abdominal wall. Additional parameters may include weight of gravida and 

15 duration of gestation (relative to last menstrual period or based on other 
indicators). Some of these parameters are used to calculate the threshold value to 
which the optical properties of the amniotic fluid, or the concentration of lamellar 
bodies, are compared. These parameters can optionally be used to calculate the 
concentration of the lamellar bodies from the optical signals according to an 

20 algorithm that uses the optical properties of maternal tissues 11A to extract the 
optical attenuation in amniotic fluid 2A as explained above. 

It should be noted that similar to the configuration of Fig, 2, illumination 
assembly 101A can be inserted transvaginally to illuminate a volume of amniotic 
fluid through the cervix. Choice of wavelengths for transcervical illumination 

25 may be different than choice of wavelengths for abdominal illumination, since 
the composition of the different tissue layers in between the illumination 
assembly 101 A and the amniotic fluid 2 A is different for the two configurations. 
For example, skin (epidermis) contains melanin that highly absorbs in the 
ultraviolet region, whereas the cervix has little or no melanin. 
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While it is preferred that the control unit 120 determines the concentration 
of lamellar bodies or meconium, it is not always necessary to determine these 
concentrations. A database of signals can be defined by recording signals 
collected by the controller's memory or features of these signals (e.g. amplitude, 
5 phase, frequency, time dependence, wavelets or principal components). The 
database may contain data from measurement obtained for premature fetal lungs 
and mature fetal lungs. For lung maturity classification by the database, a 
similarity metric is defined. The obtained signals are classified according to the 
best fit to mature or immature lungs using clustering, neural networks and/or 

10 other classification algorithms. For meconium stained analyses, the database can 
contain signals from stained and clear amniotic fluid. Features from the 
ultrasound image taken prior or during the assay are used to categorize the 
measured signals in the database. 

Whereas the above examples relate to measuring the optical properties of 

1 5 amniotic fluid, similar apparatus can be designed for noninvasive measuring the 
optical properties of other extravascular fluids such as pleural (around the lungs), 
pericardial (around the heart), peritoneal (around the abdominal and pelvis 
cavities) and synovial (around the joints) fluids. 

Reference is made to Fig. 4 exemplifying a monitoring apparatus 400 

20 according to yet another embodiment of the invention. The apparatus is 
constructed and operable to enable determining properties of both maternal and 
fetal regions, for example detecting maternal and fetal oxygen saturation levels 
along with other tissue components. The apparatus 400 includes a measurement 
unit (optical and acoustic units) carried by a flexible probe 403; and is 

25 connectable to a control unit 120. The control unit 120 is similar to the above 
described control unit, namely is a computer system including inter alia a power 
supply, a control panel with input/output functions, a display unit, a function 
generator, electronic circuits, filters and processors, etc. Additionally, the control 
unit 120 may contain light sources, light detectors and acoustic sources. Electric 

30 wires, optical fibers and/or wireless means connect the control unit 120 to the 
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elements of the measurement unit carried by the flexible probe 403. The flexible 
probe 403 includes light output ports 121A and 121B associated with an 
illumination assembly 101A, and light input ports 122A and 122B associated 
with a detection assembly 101B. It should be understood that the elements 121A 
5 and 12 IB carried by the probe 403 may be light sources (such as lasers, laser 
diodes or LEDs) or the output faces of optical fibers (or fiber bundles) whose 
input faces are coupled to light sources contained outside the probe, e.g., in the 
control unit 120. Similarly, elements 122A and 122B may be light detectors 
(such as for example diodes or CCD cameras) or the input faces of optical fibers 

10 or fiber bundles whose exit faces are coupled to light detectors located outside 
the probe, e.g., contained in the control unit 120. In the case actual detectors are 
placed on the flexible probe 403, the detectors are preferably mechanically and 
electronically isolated such that acoustic waves propagating from an acoustic 
output port 245 minimally affect the collection of photons by the detectors and 

15 the transduction of light signals into electronic signals. If the ultrasound 
transducer arrangement 110 is also placed on the probe 403, then the 
configuration is such as to prevent RF and other electronic signals generated by 
the transducer arrangement from interfering with the collection of photons by the 
detectors and with the transduction of light signals into electronic signals. Such a 

20 shielding of the detectors may for example include electrical isolation by 
appropriate materials that are poor conductors or create a Faraday cage around a 
detector, mechanical isolation by using appropriate material that attenuates the 
propagation of sheer acoustic waves through the probe itself or through maternal 
tissues. Detectors may be connected to the probe 403 using connecting parts 

25 (possibly detachable) that isolate mechanical and electrical signals at the 
frequencies generated by the ultrasound transducer arrangement and at other 
frequencies. 

The detection assembly generates electronic signals in response to the 
amplitude and phase of photons reaching the input ports 122A and 122B. These 
30 electronic signals may be filtered by analog or digital filters, for example 
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bandpass filters, that are appropriately provided being connected to the data 
processing utility of the control unit 120 or being a part of this processing utility. 
The bandwidth of these filters can be fixed or changed by the control unit 120. 
Tuning of the bandwidth can be performed optically by heterodyne detection or 
5 by a plurality of filters having different bandwidths, or by tunable filters which 
are coupled to each detector. Alternatively, filters can be electronic. 

It should be noted that more than two input and output light ports may be 
provided in the monitoring apparatus 400, only two pairs of such ports being 
shown in the present example for the purposes of simplifying the illustration. In 

10 addition, each port may serve as a dual input and output light port by using a 
fiber combiner/splitter that couples light into and out of one optical fiber. The 
ports may be arranged in a one-dimensional array or a two-dimensional array to 
improve flexibility of use. 

Preferably, the input and output ports are arranged such that an equal 

15 optical path through body tissues exists between pairs of output and input ports. 
For example, light input and output ports are arranged such that they are not 
coplanar, but rather form sets of isosceles triangles between output and input 
ports, having equal light paths between one output port and two input ports (or 
vice versa). 

20 The flexible probe 403 also contains the ultrasound output port 245 from 

which acoustic waves 255 (shown as semicircles 255) are directed towards the 
region of interest. Acoustic waves 255 are generated by the ultrasound transducer 
arrangement 110 that may be located on the flexible probe 403 and connected to 
a function generator in the control unit 120 using electric wires 236 or using 

25 wireless means. Alternatively, the ultrasound transducer 110 may be located 
outside the probe 403, e.g., in the control unit 120, and acoustic waves be 
transmitted to the output port 245 using suitable acoustic waveguides 236. In the 
example of Fig. 4, the output port 245 is located between the light input and 
output ports. The output port 245 may be placed at any location of the flexible 

30 probe 403 (i.e. to the right of output port 121A or the left of input port 122A). 
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Several ultrasound output ports, at different locations along the flexible probe 
403, may be used being coupled to the same ultrasound transducer arrangement 
or to different ultrasound transducer arrangements. 

When different ultrasound transducer arrangements are used, the 
5 transducer arrangements may generate acoustic waves of the same frequency 
modulation, or each may generate a different frequency modulation. When 
different frequencies are being generated, the control unit 120 controls the 
modulation at each transducer arrangement according to the spatial locations of 
each output port associated with each transducer arrangement, such that light 

10 propagating through the same volume as the acoustic waves and collected 
through one or several light input ports is analyzed based on the correct 
frequency modulation of the corresponding transducer arrangement (as will be 
described below for one such transducer arrangement). Different transducer 
arrangements can generate acoustic waves at the same time intervals, or during 

15 different time intervals. 

The flexible probe 403 is placed in contact with a maternal skin 10 in a 
region overlaying a fetal tissue 2 contained in maternal tissues. The positioning 
of the flexible probe 403 may be performed with the aid of an ultrasound 
imaging system that is used to determine the optimal location of light ports and 

20 acoustic output port relative to the fetus (as described above). Different fetal 
organs or tissues can be used to monitor fetal oxygen saturation including the 
placenta. 

The flexible probe 403 is placed in contact with the maternal skin 10 using 
adhesive pads or by applying pressure to maternal abdomen using a belt. The 
25 acoustic output port 245 is coupled to the skin 10 using an acoustic coupling 
material such as gel or a hyrdrogel adhesive. 

Upon attachment of the probe 403, the control unit 120 is turned on in a 
calibration mode. During the calibration mode, the control unit 120 sends an 
electronic signal to the function generator connected to the ultrasound transducer 
30 arrangement causing it to generate a series of acoustic pulses. The acoustic pulses 
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are transmitted through the ultrasound output port 245 and propagate through 
maternal tissues 11 and fetal tissues 2. A portion of the acoustic pulses is 
reflected from each surface or impedance mismatched layer that the pulses 
encounter during their propagation. The reflected portion is collected through the 
5 acoustic output port 245 and transmitted to an ultrasound transducer of the 
imaging system (which may be the same transducer arrangement 110 used for 
measurements). The transducer arrangement used for imaging may be a single 
acoustic transmitter, a single acoustic transceiver, an array of transmitters and/or 
receivers, an ultrasound Doppler imager, a phased array, or a complete imaging 

10 system capable of transmitting and receiving acoustic signals. The control unit 
120 analyzes the signals generated by the transducer in response to the portion of 
reflected pulses and determines a distance between the ultrasound output port 
245 and the fetal tissues 2 (by multiplying the speed of sound in the tissue by half 
the time difference Ax between the emission of the acoustic pulses from the 

15 output port 245 and the collection of the reflected pulses in the said port 245). 

The control unit 120 then determines an appropriate distance to be 
provided between the light output port 121 A or 12 IB and the light input port 
122A or 122B, such that photons 250 emitted from the output port 121A will 
propagate through fetal tissues 2 before reaching the input port 122A or 122B. 

20 The control unit 120 can select which output and input ports are used from a 
plurality of light ports arranged at different spatial locations, such that at least 
one input port collects photons, emitted from at least one output port, that 
propagate through the same fetal tissue 2 through which acoustic waves 255 
propagate. The control unit 120 also determines which of the other light input 

25 ports collect photons that propagate through maternal tissues 11 and not through 
fetal tissues 2. Additionally, during the calibration mode, the control unit 120 
determines a desired frequency bandwidth Af! that is to be used during the 
monitoring. For example, the control unit 120 selects the frequency bandwidth 
Afi corresponding to that optimally filtered by analog or digital electronic filters 

30 connected to the light detectors. 
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Following the calibration mode, the control unit 120 operates an array of 
fixed output and input light ports by modulating (including time gating) the light 
sources connected only to the chosen output ports, or modulating the output ports 
themselves, and analyzing the signals generated by the detectors coupled to the 
5 chosen input ports. 

As indicated above, the control unit 120 determines the desired frequency 
bandwidth Afi to be used during the monitoring as that corresponding to a 
frequency bandwidth optimally filtered by analog or digital electronic filters 
connected to the light detectors. The bandwidth that these filters optimally 

10 transmit is fixed or varied by the control unit 120 during the operation of the 
apparatus 400. The control unit 120 controls a portion of the frequency 
bandwidth generated by the function generator to correspond to the frequency 
bandwidth that is optimally transmittable by the electronic filters connected to 
the light detectors. Alternatively, the bandwidth of the filters is varied by the 

1 5 control unit 120 to correspond to a portion of the frequency bandwidth generated 
by the function generator. The control unit 120 also controls the frequency 
modulation of acoustic waves 255 such that waves having a frequency outside 
the frequency bandwidth Afi are for example generated during different portions 
of the acoustic pulse. 

20 The control unit 120 controls the time dependent generation of the 

frequency modulated acoustic waves. The control unit 120 determines a time 
period Ati needed for signal acquisition such that optimal signal-to-noise ratio 
(SNR) for determining fetal oxygen saturation is obtained during the 
measurements. The time period At] is shorter than a time difference between the 

25 fetal heart beats, when pulse oximetry is used for data analysis. The control unit 
120 also determines the frequency modulation parameters such that the desired 
frequency bandwidth Af 1? (or phase) propagates through the fetal tissue 2 during 
the time period Atj. The onset of time period is at time ti equal to about Ax/2 
where the acoustic pulse reaches the fetal tissues 2 and time t 2 is determined by 

30 t 2 =t 1 +At 1 . 
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In the present example of Fig. 4, the operation of apparatus 400 in a 
"monitor mode" or actual measurement mode is shown. During the monitor 
mode, the control unit 120 activates the light source(s) associated with the output 
port 121A to emit photons 250 and 251, and actuates the light source(s) 
5 associated with the output port 121B to emit photons 252. The light ports may be 
associated with different light sources or with one or more common light sources. 
A single light source and preferably two light sources, emitting light of at least 
two different wavelengths simultaneously, are connected to the output ports, 
whereas one light source may be connected to more than one output port. Light 
10 sources connected to different output ports, or output ports themselves, may be 
activated during different time periods or with different characteristics (such as 
different modulation frequency or phase), such that the control unit 120 can 
distinguish between photons 251 and 252 reaching input port 122B of the 
detection unit. 

15 The control unit 120 also activates a function generator that, in turn, 

activates the ultrasound transducer arrangement 110 to generate acoustic waves 
255 transmitted through the output port 245. The acoustic wave frequency (or 
phase) generated by the function generator is modulated by the control unit 120 
such that the acoustic waves reaching a region of the fetal tissue 2 illuminated by 

20 photons 250 will have a predetermined frequency bandwidth Afi. If the 
bandwidth Afj is fixed, then the control unit 120 determines the frequency 
modulation of the function generator controlling the generation of ultrasound 
waves 255, such that acoustic waves 255 modulated at a frequency within Af] 
reach the fetal tissues 2 at time t]. In addition, acoustic waves with a frequency 

25 within Af] substantially do not propagate through other tissues during the time 
period Ati following time ti- Accordingly, the control unit operates the detection 
assembly such that the light detectors associated with the input ports 122A and 
122B start collection of photons at time t! and end the collection process during 
t 2 . Alternatively or additionally, the control unit 120 controls the activation of 

30 light sources associated with the output ports 121A and/or 121B at time t] and 
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ends the activation at time t 2 . During the time period At l9 the input port 122 A 
and/or input port 122B collect photons propagating through the same fetal tissues 
through which acoustic waves 255 propagate (a time delay in photon propagation 
through the tissue is neglected). 
5 Fig. 5 exemplifies a monitoring apparatus 500 of a somewhat different 

configuration. Apparatus 500 differs from the above-described apparatus 400 in 
the arrangement of input and output ports (or light sources and detectors) within 
a flexible probe 403. Here, light port 121 A 9 functions as an output port 
(associated with the illumination assembly), light ports 12 IB' and 122 A' 

10 function as both output and input ports (associated with the illumination 
assembly and detection unit), and light port 122B' functions as an input port 
(associated with the detection unit). 

In addition, all input ports may be time gated to collect light propagating 
through specific tissues during a certain time period. Additionally or 

15 alternatively, the output ports may be activated during different time intervals. 
For example, the input ports 121B' or 122B' are activated during a time interval 
At g , following the introduction of light from the output ports 121A' or 122A\ 
respectively, such that only photons 256 propagating from the output port 121A' 
to the input port 121B' or photons 257 propagating from the output port 122A' to 

20 the input port 122B' are collected during that time interval. The output ports 
121A' and 122A' are therefore activated at different time intervals, such that the 
input port 122B' does not collect photons 251 and 257 simultaneously. During a 
time interval At k , different from At g , the input port 122A' is activated, following 
the introduction of light from the output ports 121 A', such that only photons 250 

25 propagating through fetal tissues 2, are detected. As will be explained below, 
during the time interval At g the light input ports collect light propagating 
primarily through maternal tissues, being untagged. During time interval At g 
acoustic waves 255 do not propagate through the same volume from which light 
is collected by the input ports 121B' and 122B\ During time interval At k the light 
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input ports collect light propagating primarily through maternal and fetal tissues, 
being tagged or untagged. 

It is preferred that the time interval At k corresponds to the time interval At t 
defined above, where both intervals start at t]. It is preferred that the intervals At k 
5 and At g are closely spaced in time such that no substantial modulation in blood or 
tissue characteristics occurs in between these time intervals. 

Alternatively, several light input ports may be activated during different 
time intervals corresponding to light propagation through either maternal tissues 
alone or maternal and fetal tissues, and different acoustic waves can optionally 
10 propagate through all volumes from which light is collected allowing both tagged 
and untagged light to be analyzed through every input port. 

Tagged and untagged signals collected by all the input ports are used to 
determine the fetal oxygen saturation level based on the tissue models A and B 
described above. The amplitudes of the tagged and untagged signals are 
15 determined during the time intervals At k and At g respectively. 

The filtered electronic signal at a selected bandwidth Af 1? during the time 
period At u starting at t u corresponds to the amplitude of the tagged signal 
propagating through the fetal tissue 2. Photons 250 propagating through other 
tissue regions, during the time period Ati, where the frequency of the ultrasound 
20 waves 255 is outside the frequency bandwidth Af,, will have a different 
modulation frequency and will be attenuated by the filters having the bandwidth 
of Afi. The electronic filters connected to the light detectors can have several 
bandwidths of optimal transmission (Af 2 .„Af n ) different from Af]. Detectors are 
configured such that during each time period Ati 0=1.. n) starting at time t i? where 
25 t] is the time where portion of acoustic pulse having a frequency modulation with 
a bandwidth Af; reaches the fetal tissue 2, the detectors are tuned to optimally 
convert photons, modulated by frequency Af is to electrical signals. 

For example, as the modulated ultrasound waves propagate through 
maternal and fetal tissues, at different time periods (At 2 .. At n ) different from At 1? 
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acoustic waves at different frequency modulations propagate through the fetal 
tissues. The control unit 120 then operates each filter according to the order and 
duration of the different frequency modulations within the ultrasound pulse, such 
that each electronic filter having a frequency bandwidth Afj is activated at time 
5 periods At] starting at ti in accordance with the corresponding frequency 
bandwidth of the ultrasound wave. Additionally, the electronic filter can have a 
variable bandwidth that is controlled by the control unit 120 in accordance with 
the generation of the frequency modulation of the ultrasound wave. The control 
unit 120 then integrates the electronic signals generated by the light detectors and 
10 filtered by the electronic filters at all frequency bandwidths during the 
corresponding time periods. The control unit 120 then analyzes signals received 
from the electronic filters to determine the fetal and/or maternal oxygen 
saturation levels. 

Referring to either one to Figs. 4 and 5, the control unit 120 analyzes 

1 5 tagged signals, reaching at least one of the input ports of the detection units and 
being modulated at frequency bandwidth Af m different from Afi(z=l..n), during a 
time period Atj starting at ti, to determine the properties of maternal tissues 
through which photons 251 and/or 252 (in Fig. 4) propagate. These signals may 
optionally be used to determine maternal oxygen saturation levels. The control 

20 unit 120 then uses the tagged signals having a modulation corresponding to 
frequency bandwidth Af m in model B described above to determine 
characteristics of maternal tissues. The control unit 120 then calibrates model A 
as described above. The control unit 120 then uses tagged signals, reaching the 
input ports of the detection units and being modulated at the frequency 

25 bandwidth corresponding to Afj during the same time period Atj starting at tj in 
accordance with model A to determine fetal oxygen saturation levels. 

It should be noted with respect to the above-described examples, that the 
transducer arrangement 110 may include an ultrasound imaging system and/or 
and ultrasound Doppler imager, such that ultrasound images or Doppler signals 

30 are acquired during operation of the monitoring apparatus. Prior to and during the 
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operation, an ultrasound image of tissues including the region of interest is first 
acquired. The control unit 120 (or the operator) identifies the region of interest 
by marking this region on the first acquired ultrasound image. Transducer 
arrangement 110 is then fixed at the same location (by the operator or by using 
5 an adhesive), for duration necessary to obtain efficient tagged signals from the 
region of interest. The control unit 120 determines the corresponding distance, 
angle and size of the region of interest relative to the transducer arrangement 
110. Then, the control unit 120 operates to select input and output light ports to 
emit light and collect light propagating through the region of interest and the 

10 outside region, as described above (i.e., to ensure optimal positioning during the 
measurements). The control unit 120 synchronizes the activation of the light 
output ports and/or light input ports such that emission of ultrasound pulses to the 
region of interest corresponds to the propagation of light pulses through the 
region of interest. Alternatively, the control unit 120 synchronizes the emission 

15 of acoustic pulses by the transducer arrangement 110 such that the onset, 
duration and direction of these pulses correspond to the onset and duration of the 
activation of light input and/or output ports. The control unit 120 analyzes tagged 
and untagged signals generated by the detection assembly and determines the 
concentration of an analyte (for example, oxygenated hemoglobin) in the region 

20 of interest, as described above. More than one analyte can be monitored 
simultaneously by using different wavelengths of light, each having a 
characteristic absorption or scattering by the selected analytes. The control unit 
120 then displays simultaneously (using, for example, color coded images) the 
local concentration of the analyte on the region of interest of the ultrasound 

25 image, in addition to any other form of display (e.g. numerical) that is understood 
by the operator and/or by a machine connected to the control unit 120. In cases 
where more than one ultrasound pulse is needed for obtaining efficient tagged 
light signals, the transducer arrangement is operated without scanning the 
ultrasound beam, and a single beam is emitted in the direction of the region of 

30 interest for the duration needed for an efficient tagged signal acquisition. Yet 
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another option suitable for cases when the transducer arrangement is moved 
during operation, such that distances and angles between the transducer 
arrangement 110 and the region of interest are changed, the control unit 120 
tracks the position of the region of interest using techniques and algorithms such 
5 as of three-dimensional ultrasound imaging (F. Rousseau, P. Hellier, C. Barillot, 
"Calibration Method for 3D Freehand Ultrasound", In Medical Image 
Computing and Computer Assisted Intervention, MICCAI'03, Montreal, Canada, 
November 2003). The control unit 120 then determines the changed distance and 
angle to the region of interest, and dynamically selects and activates 

10 corresponding input and output light ports accordingly during the movement of 
the transducer arrangement 110. 

In another embodiment of the invention, an imaging apparatus may be 
used to monitor changes in the concentration of analyte(s) in a region of interest 
during therapeutic or surgical procedures (such as during the application of high 

15 power ultrasound pulses or wave, laser ablation, or chemical procedures). For 
example, the transducer arrangement 110 may be used for ablation of tumors or 
malformations in a tissue. During the application of high power ultrasound 
pulses, light is emitted and collected by illumination and detection assemblies, 
respectively, to determine the concentration of an analyte indicative of the 

20 treatment in the region being ablated. Alternatively, low power ultrasound pulses 
(that do not cause ablation) intermittently irradiate the region of interest, while 
low-power light pulses are emitted and collected by illumination and detection 
assemblies to determine the concentration of an analyte indicative of the 
treatment. For example, oxygenation of the region of interest is monitored. Such 

25 information is used for controlling and monitoring the treatment during 
application of ultrasound radiation. 

Reference is now made to Figs, 6A and 6B exemplify yet another 
configuration of a flexible probe, generally designated 603, suitable to be used in 
either one of the above described monitoring apparatuses. The flexible probe 603 

30 includes a flexible support 301, for example made of electrically isolating 
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material(s), carrying light ports 303-316 (fiber-ends in appropriate housing, or 
light sources and/or light detectors as described above) and an acoustic output 
port 302 (or acoustic transducer arrangement). Fig. 6 A presents a bottom view of 
the flexible probe 603 viewed from the side by which it is attachable to a skin, 
5 and Fig, 6B shows a side view diagram of the flexible probe 603. Optical fibers 
or electric wires 330-336 and 340-346 connect the light ports 310-316 and 303- 
309, respectively, to a common connector 320. An isolated electric cable (or 
acoustic waveguides) connects the acoustic output port 302 to the same 
connector 320 associated with a control unit. The acoustic port 302 is preferably 

10 coupled to an ultrasound transducer arrangement 327 connected to the flexible 
support 301 using vibration controlling elements. The connector 320 couples the 
optical fibers and cables attached to the flexible support 301 with optical fibers 
and electric cables coupled to the control unit (not shown here). The connector 
320 may be composed of several connector elements. An adhesive 325 is 

15 attached to the bottom side of the support 301, such that the probe 603 can be 
fixed to the skin using this adhesive 325. Adhesive 325 is preferably transparent 
and produces minimal scattering in a wavelength range used for measurements 
(i.e., emitted by light sources). Alternatively or additionally, the adhesive 325 
may form an optical index matching layer between the light ports and the skin. 

20 Alternatively, the adhesive 325 may not cover the light ports at all, or may 
partially cover them. The adhesive 325 may contain pigments, chromophores or 
other materials for controlling the transmission of different wavelengths of light. 
An adhesive gel 326 is located below the acoustic port 302. The adhesive gel 326 
is made from the same or different material as the adhesive 325 and is designed 

25 for optimal acoustic coupling between the acoustic port 302 and the skin. 
Possible materials for adhesives 325 and 326 include hydrogel based adhesives. 

The different elements of the flexible probe 603 may be assembled in 
different ways. For example, the complete probe 603 is assembled prior to 
operation, and a user only needs to remove a thin layer covering the bottom side 

30 of adhesives 325 and 326. In yet another example, the adhesive 326 is attached to 
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the acoustic output port 302 (preferably including the acoustic transducer 
arrangement itself) which is not attached to the probe 603 prior to the device 
operation. The user first attaches the flexible support 301 to the skin using the 
adhesive 325, and then inserts the acoustic port 302 through an appropriately 
5 provided opening in the support 301, where the transducer 327 is optionally 
connected to the support 301 using conventional means and is attached to the 
skin using the adhesive 326. The latter may be part of adhesive 325, and only the 
acoustic output port 302 is inserted and attached to the upper part of the adhesive 
326 (being a double sided adhesive). The user first attaches the adhesives 325 

10 and 326 to skin, then attaches the acoustic port 302 to the adhesive 326, and then 
connects the support 301 to the upper side of the adhesive 325 (being a double 
sided adhesive). Finally, the connector 320 is connected to the cables and fibers 
from the control unit to allow the operation of the probe. Each element of the 
flexible probe 603 and the complete probe 603 as a unit may be used only once 

15 and then discarded (i.e., is disposable), or used multiple times. 

Figs. 7A and 7B show yet another example of a flexible probe 703 
according to the present invention. Here, a support 301 carries light ports (or 
light sources) and several acoustic ports 302, 319 and 319A (or acoustic 
transducer arrangements). Each of the acoustic ports 302, 319 and 319A is 

20 coupled to a connector 320 using cables 338, 339 and 339A, respectively. 
Adhesive gels 326, 329 and 329 A are used to couple the acoustic ports 302, 319 
and 3 19 A, respectively, to the skin. Similarly, each of the acoustic ports may be 
separated from the probe 703 when not in use, and inserted by user for as 
preparation for operation. 

25 Those skilled in the art will readily appreciate that various modifications 

and changes may be applied to the embodiments of the invention as hereinbefore 
described without departing from its scope defined in and by the appended 
claims. 
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CLAIMS: 

1. A monitoring system for use in non-invasively monitoring at least one 
parameter of a region of interest in a human body, the system comprising: 

- a measurement unit comprising an optical unit having an illumination 
5 assembly configured to define at least one output port for illuminating 

light, and a light detection assembly configured to define at least one light 
input port for collecting light scattered from the illuminated body portion 
and to generate measured data indicative of the collected light; and an 
acoustic unit configured to generate acoustic waves of a predetermined 

10 ultrasound frequency range; the measurement unit being configured and 

operable to provide an operating condition such that the acoustic waves of 
the predetermined frequency range overlap with an illuminating region 
within the region of interest and substantially do not overlap with a region 
outside the region of interest, and that the detection assembly collects light 

15 scattered from the region of interest and light scattered from the region 

outside the region of interest, the measured data being thereby indicative 
of scattered light having both ultrasound tagged and untagged light 
portions, thereby enabling to distinguish between light responses of the 
region of interest and the region outside the region of interest; 

20 - a control unit, which is connectable to the optical unit and to the acoustic 
unit to operate these units, the control unit being responsive to the 
measured data and preprogrammed to process and analyze the measured 
data to extract therefrom a data portion associated with the light response 
of the region of interest and determine said at least one parameter of the 

25 region of interest. 

2. The system of Claim 1, wherein the acoustic unit is configured for 
generating unfocused ultrasound radiation. 

3. The system of Claim 1, configured to determine oxygen saturation of the 
region of interest. 
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4. The system of Claim 1, configured to utilize principles of oximtery to 
determine the desired parameter of the region of interest. 

5. The system of Claim 1, configured to utilize principles of pulse oximtery 
to determine the desired parameter of the region of interest. 

5 6. The system of Claim 1, wherein the measurement unit is configured and 
operable to generate the measured data indicative of variations of the ultrasound 
tagged light signal as a function of at least one of time and wavelength of the 
illuminating light, the control unit being configured to analyze the variations of 
the ultrasound tagged light signal to determine maxima/minima of the signal and 
10 calculate oxygen saturation. 

7. The system of Claim 1, wherein the control unit is preprogrammed and 
operable to provide optimal positioning of the optical unit and the acoustic unit, 
said optimal positioning satisfying said operating condition. 

8. The system of Claim 7, wherein the control unit is operable to provide a 
15 relative displacement between a direction of propagation of the acoustic radiation 

and at least one of the illumination and detection assemblies so as to provide said 
optimal positioning. 

9. The system of Claim 1, wherein the illumination assembly is configured 
to define at least two of the spaced- apart light output ports. 

20 10. The system of Claim 9, wherein the control unit is operable to select at 
least one of the light output ports for measurements, to provide said operating 
condition. 

11. The system of Claim 1, wherein the detection assembly is configured to 
define at least two spaced-apart light input ports. 
25 12. The system of Claim 1 1, wherein the control unit is operable to select at 
least one of the light input ports for measurements, to provide said operating 
condition. 

13. The system of Claim 10, wherein the detection assembly is configured to 
define at least two spaced-apart light input ports. 
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14. The system of Claim 13, wherein the control unit is operable to select at 
least one of the light input ports for measurements, to provide said operating 
condition. 

15. The system of Claim 8, wherein the control unit is operable to displace at 
5 least one of the light input or output ports with respect to the direction of the 

acoustic waves propagation. 

16. The system of Claim 1, wherein the illumination assembly is configured 
and operable to generate the illuminating light of at least two different 
wavelengths. 

10 17. The system of Claim 16, where the two different wavelengths are 
selected as those differently absorbable by oxygenated and deoxygenated 
hemoglobin in the body. 

18. The system of Claim 16, where the two different wavelengths are 
selected as those characterized by the same absorption by tissue or fluid 

1 5 components in the body. 

19. The system of Claim 18, where the two different wavelengths are 
selected to be differently scattered by tissue or fluid components in the body. 

20. The system of Claim 16, wherein the illumination assembly is operable 
to generate said at least two different wavelengths at different times, respectively. 

20 21. The system of Claim 16, wherein the at least two wavelengths are 
differently modulated by at least one of frequency and phase characteristics. 

22. The system of Claim 20, wherein the at least two wavelengths are 
differently modulated by at least one of frequency and phase characteristics. 

23. The system of Claim 1, wherein the detection assembly is configured to 
25 define the light input port which, when in the operating condition, detects both 

the light scattered from the region of interest and the light scattered from the 
outside of the region of interest. 

24. The system of Claim 1, wherein the detection assembly is configured to 
define an array of at least two spaced-apart light input ports, such that when in 

30 the operating condition, at least one of the light input ports collects the tagged 
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light coming from the region of interest, and at least one other of the light input 
ports collects the untagged light scattered from the region outside the region of 
interest. 

25. The system of Claim 1, wherein the control unit is preprogrammed for 
5 operating the optical unit a predetermined time after the operation of the acoustic 

unit, thereby providing said operating condition. 

26. The system of Claim 25 , wherein said predetermined time corresponds to 
a time needed for the acoustic waves of the predetermined frequency to reach the 
region where the overlapping with the illuminating light is to be provided. 

10 27. The system of Claim 11, wherein at least one of the light input ports is 
located proximate of the light output port thereby collecting the light scattered 
from the region outside of the region of interest, and the at least one other light 
input port is located at a larger distance from the light output port thereby 
collecting the light coming from the region of interest and being tagged by the 

1 5 ultrasound radiation. 

28. The system of Claim 11, wherein at least one of the light input ports is 
located proximate of the light output port thereby collecting untagged light 
scattered from the region outside of the region of interest; and the at least one 
other light input port is located at a larger distance from the light output port 

20 thereby collecting ultrasound tagged light coming from the region of interest 
through the outside region. 

29. The system of Claim 28, wherein the control unit is preprogrammed to 
process and analyze the first measured data generated by said at least one light 
input port to determine data indicative of a characteristic of a light response of 

25 the region outside of the region of interest to the illuminating light; and to utilize 
said data indicative of the light response characteristic in the processing and 
analyzing of the second measured data generated by said at least one other input 
port to thereby extract the light response of the region of interest. 
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30. The system of Claim 11, wherein the control unit is preprogrammed for 
operating at least one of the light input ports a predetermined time after the 
operation of the acoustic unit, thereby providing said operating condition. 

31. The system of Claim 30, wherein said predetermined time corresponds to 
5 a time needed for the acoustic waves of the predetermined frequency to reach the 

region where the overlapping with the illuminating light is to be provided. 

32. The system of Claim 3 1 , wherein said at least one of the light input ports 
is located proximate of the light output port thereby collecting untagged light 
scattered from the region outside of the region of interest; and said at least one 

10 other light input port is located at a larger distance from the light output port as 
compared to a location of at least one other light input port thereby collecting 
tagged light coming from the region of interest through the region outside of the 
region of interest and being therefore affected by the outside region. 

33. The system of Claim 32, wherein the control unit is preprogrammed to 
15 process and analyze the first measured data generated by said at least one light 

input port to determine data indicative of a characteristic of a light response of 
the region outside of the region of interest to the illuminating light; and to utilize 
said data indicative of the light response characteristic in the processing and 
analyzing of the second measured data generated by said at least one other input 
20 port to thereby extract the light response of the region of interest. 

34. The system of Claim 1, comprising a support structure configured to be 
brought in contact with a body, said support structure carrying at least the light 
output and light input ports of the illumination and detection assemblies, 
respectively. 

25 35. The system of Claim 34, wherein said support structure carries the 
illumination and detection assemblies. 

36. The system of Claim 34, wherein the support structure carries the 
acoustic unit. 

37. The system of Claim 34, wherein the support structure carries an 
30 ultrasound output port of the acoustic unit. 



WO 2005/025399 



PCT/IL2004/000835 



-62- 

38. The system of Claim 34, wherein the support structure is flexible to wrap 
the body portion. 

39. The system of Claim 1, wherein the acoustic unit is configured for 
generating ultrasound radiation in the form of one of the following: continuous 

5 wave, pulse, burst. 

40. The system of Claim 1, wherein the acoustic unit is configured for 
generating focused ultrasound radiation, where a focal length corresponding to a 
distance from the acoustic unit to the region of interest 

41. The system of Claim 1, wherein the acoustic unit comprises a phase 
array of ultrasound transducers. 

42. The system of Claim 1, wherein the control unit is configured for 
receiving data indicative of reflections of the ultrasound waves from an irradiated 
volume inside of the body for creating data indicative of an image of the 
irradiated volume, and analyzing said image data to provide said operating 
condition for measurements. 

43. The system of Claim 1, wherein the control unit is configured for 
receiving data indicative of reflections of the ultrasound waves from an irradiated 
volume inside of the body for determining data indicative of a Doppler shift in 
the ultrasound radiation reflections. 

44. The system of Claim 1, wherein said predetermined frequency range of 
the ultrasound radiation is from 50kHz to 8MHz. 

45. The system of Claim 1, wherein the ultrasound radiation is of a 
frequency lower than 1MHz. 

46. The system of Claim 1, configured for use in monitoring at least one of 
the following parameters: oxygen saturation level of the region of interest, and 
concentration of a substance or structure in the region of interest. 

47. A monitoring system for use in non-invasively monitoring at least one 
parameter of a region of interest in a human body, the system comprising: 

- a measurement unit comprising an optical unit configured for generating 
illuminating light and for collecting light and generating measured data 
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indicative of the collected light; and an acoustic unit configured to 
generate unfocused acoustic waves of a predetermined ultrasound 
frequency range; the measurement unit being configured and operable to 
provide an operating condition such that the acoustic waves of the 
5 predetermined frequency range overlap with an illuminating region within 

the region of interest while substantially not overlapping within a region 
outside the region of interest, and that the detection assembly collects light 
scattered from the region of interest and light scattered from the region 
outside the region of interest, the measured data being thereby indicative 
10 of scattered light having both ultrasound tagged and untagged light 

portions, thereby enabling to distinguish between light responses of the 
region of interest and the region outside the region of interest; 

- a control unit, which is connectable to the optical unit and to the acoustic 
unit to operate these units, the control unit being responsive to the 

15 measured data and preprogrammed to process and analyze the measured 

data to extract therefrom a data portion associated with the light response 
of the region of interest and determine said at least one parameter of the 
region of interest. 

48. A system for use in noninvasive monitoring at least one parameter of a 
20 region of interest in a human body, the system comprising: 

- a measurement unit comprising an optical unit having an illumination 
assembly configured to define at least one output port for illuminating 
light, and a light detection assembly configured to define at least one light 
input port for collecting light and to generate measured data indicative of 

25 the collected light; and an acoustic unit configured to generate acoustic 

waves of a predetermined ultrasound frequency range; 

- a control unit, which is connectable to the optical unit and to the acoustic 
unit to operate these units, the control unit being responsive to the 
measured data and preprogrammed to process and analyze the measured 

30 data to extract therefrom data indicative of a light response of the region 
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of interest and determine the at least one desired parameter, the control 
unit being operable to provide optimal positioning of the optical unit and 
the acoustic unit to satisfy an operating condition for measurements, said 
operating condition being such that acoustic waves of the predetermined 
5 frequency range and illuminating light overlap within the region of 

interest and substantially do not overlap in a region outside the region of 
interest, and in that the detection assembly collects the light scattered from 
the region of interest and light scattered from the region outside the region 
of interest; the measured data being thereby indicative of scattered light 

10 having both ultrasound tagged and untagged light portions, thereby 

enabling to analyze the measured data to extract therefrom a data portion 
associated with the light response of the region of interest and determine 
said at least one parameter of the region of interest. 
49. A system for use in non-invasively monitoring at least one parameter of 

15 a fetus-related region of interest, the system comprising: 

- a measurement unit comprising an optical unit having an illumination 
assembly configured to define at least one output port for illuminating 
light, and a light detection assembly configured to define at least one light 
input port for collecting light and to generate measured data indicative of 

20 the collected light; and an acoustic unit configured to generate acoustic 

waves of a predetermined ultrasound frequency range; 

- a control unit, which is connectable to the optical unit and to the acoustic 
unit to operate these units, the control unit being responsive to the 
measured data and preprogrammed to process and analyze the measured 

25 data to extract therefrom data indicative of a light response of the region 

of interest and determine the at least one desired parameter of the region 
of interest, the control unit being operable to provide optimal positioning 
of the optical unit and the acoustic unit to satisfy an operating condition 
for measurements, said operating condition being such that acoustic waves 

30 of the predetermined frequency range and the illuminating light overlap 
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within the region of interest and substantially do not overlap in a maternal 
tissues region outside the region of interest, and in that the detection 
assembly collects the light scattered from the fetus-related region and light 
scattered from maternal tissues region; the measured data being indicative 
5 of the tagged light scattered by the fetus-related region and tagged and 

untagged light scattered by the maternal tissues region, thereby enabling 
to analyze the measured data to extract the data indicative of the light 
response of the fetus-related region and determine the at least one desired 
parameter of the fetus-related region. 
10 50. A system for use in noninvasive monitoring oxygen saturation level of a 
region of interest in a human or animal body, the system comprising: 

- a measurement unit comprising a pulse oxymeter unit having an 
illumination assembly configured to define at least one output port for 
illuminating light of at least two different wavelengths, and a light 

15 detection assembly configured to define at least one light input port for 

collecting light and to generate measured data indicative of the collected 
light; and an acoustic unit configured to generate acoustic waves of a 
predetermined ultrasound frequency range; 

- a control unit, which is connectable to the pulse oxymeter unit and to the 
20 acoustic unit to operate these units, the control unit being responsive to the 

measured data and preprogrammed to process and analyze the measured 
data to determine time dependent variations of ultrasound-tagged light 
signals for said at least two wavelengths scattered from the region of 
interest and analyze these time variations to calculate the oxygen 
25 saturation of the region of interest. 

51. A probe device for use in a system for monitoring at least one parameter 
of a region of interest in a human body, the probe comprising: a support structure 
configured to contact a body portion, said support structure carrying an array of 
at least two light output ports arranged in a spaced-apart relationship and being 
30 optically coupled to a light source assembly, an array of light input ports 
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arranged in a spaced-apart relationship and being optically coupled to a light 
detection assembly, and at least one acoustic output port of an acoustic unit, the 
arrangement of the light ports and the acoustic unit being such as to allow 
selection of at least one of said light output ports, at least one of the light input 
5 ports and at least one of the acoustic output ports such that acoustic waves of a 
predetermined frequency range coming from said at least one selected acoustic 
output port and illuminating light coming from said at least one selected light 
output port overlap within a region of interest in the body, and in that said at least 
one light input port collects light scattered from the overlapping region and light 
10 scattered from outside the region of interest. 

52. A probe device for use in a system for monitoring at least one parameter 
of a region of interest in a human body, the probe comprising: a support structure 
configured to contact a body portion, said support structure carrying at least one 
light output port optically coupled to a light source assembly, at least two light 

15 input ports optically coupled to a light detection assembly, and at least one 
acoustic output port of an acoustic unit, the arrangement of the light and acoustic 
ports being such as to allow selection of the light and acoustic ports for 
measurements such that, with the selected ports, acoustic waves of a 
predetermined frequency range and illuminating light overlap within a region of 

20 interest in the body and that the at least one light input port collects light 
scattered from the overlapping region and light scattered from outside of the 
region of interest. 

53. A probe device for use in a system for monitoring at least one parameter 
of a region of interest in a human body, the probe comprising: a support structure 

25 configured to contact a body portion, said support structure carrying at least two 
light output port optically coupled to a light source assembly, at least one light 
input port optically coupled to a light detection assembly, and at least one 
acoustic output port of an acoustic unit, the arrangement of the light and acoustic 
ports being such as to allow selection of the light and acoustic ports for 

30 measurements such that, with the selected ports, acoustic waves of a 
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predetermined frequency range and illuminating light overlap within a region of 
interest in the body and that detected light includes scattered from the 
overlapping region and light scattered from outside of the region of interest. 

54, A method for use in noninvasive monitoring at least one parameter of a 
5 region of interest in a human body, the method comprising: operating an optical 

unit and an acoustic unit so as to provide that ultrasound waves of a 
predetermined frequency range and illuminating light overlap within the region 
of interest and substantially do not overlap with a region outside the region of 
interest, thereby producing measured data indicative of collected light including 
10 scattered light having ultrasound tagged and untagged light portions, thereby 
enabling extraction of a light response of the region of interest from all the other 
light portions in the collected light 

55. The method of Claim 54, comprising irradiating the region of interest 
with unfocused ultrasound radiation. 

15 56. The method of Claim 54 , comprising irradiating the region of interest 
with focused ultrasound radiation. 

57. The method of Claim 54, for determining oxygen saturation of the region 
of interest. 

58. The method of Claim 54, utilizing principles of oximtery to determine 
20 the desired parameter of the region of interest. 

59. The method of Claim 54, utilizing principles of pulse oximtery to 
determine the desired parameter of the region of interest. 

60. The method of Claim 54, comprising applying the illumination of at least 
two different wavelengths, and generating the measured data indicative of 

25 variations of the ultrasound tagged light signal as a function of at least one of 
time and wavelength of the illuminating light. 

61. The method of Claim 60, comprising analyzing the time variations to 
determine maxima/minima of the signal and calculate oxygen saturation of the 
region of interest. 
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62. The method of Claim 54, comprising providing a relative displacement 
between a direction of propagation of the acoustic radiation and at least one of 
illumination and detection assemblies of the optical unit. 

63- The method of Claim 54, comprising selecting for measurements at least 
5 one light output port, from a plurality of spaced-apart light output ports, of the 
optical unit. 

64. The method of Claim 54, comprising selecting for measurements at least 
one light input port from a plurality of spaced-apart light input ports of the 
optical unit. 

10 65. The method of Claim 63 comprising selecting for measurements at least 
one light input port from a plurality of spaced-apart light input ports of the 
optical unit. 

66. The method of Claim 62, comprising displacing at least one of light 
input or light output ports of the optical unit with respect to the direction of the 

1 5 acoustic waves propagation. 

67. The method of Claim 54, comprising applying ultrasound imaging to the 
region of interest surrounded by the outside region. 

68. The method of Claim 67, wherein the imaging is carried out using said 
acoustic unit. 

20 69. The method of Claim 54, comprising detecting reflections of the 
ultrasound radiation from the irradiated body portion and determining a Doppler 
shift in the detected reflections. 

70. The method of Claim 54, comprising operating an illumination assembly 
of the optical unit to generate the illuminating light of at least two different 

25 wavelengths. 

71. The method of Claim 70, wherein said at least two different wavelengths 
are differently absorbed by oxygenated and deoxygenated hemoglobin. 

72. The method of Claim 70, wherein said at least two different wavelengths 
are equally absorbed by tissue or fluid components. 
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73. The method of Claim 72, wherein said at least two different wavelengths 
are differently scattered by tissue or fluid components. 

74. The method of Claim 70, comprising operating the illumination 
assembly to generate the illuminating light of said at least two different 

5 wavelengths at different times, respectively. 

75. The method of Claim 70, comprising operating the illumination 
assembly to generate the illuminating light of said at least two different 
wavelengths differently modulated by at least one of frequency and phase 
characteristics. 

10 76. The method of Claim 74, comprising operating the illumination 
assembly to generate the illuminating light of said at least two different 
wavelengths differently modulated by at least one of frequency and phase 
characteristics. 

77. The method of Claim 54, comprising detecting both the light scattered 
1 5 from the region of interest and the light scattered from the outside of the region 

of interest. 

78. The method of Claim 54, comprising operating at least two spaced-apart 
light input ports of the optical unit, such that at least one of the light input ports 
collects the light scattered from the region of interest, and at least one other of 

20 the light input ports collects the light scattered from the outside region. 

79. The method of Claim 54, comprising operating the optical unit a 
predetermined time after the operation of the acoustic unit, said predetermined 
time corresponding to a time needed for the acoustic waves of the predetermined 
frequency to reach the region of interest where the overlapping with the 

25 illumination light is to be provided. 

80. The method of Claim 54, comprising operating at least two spaced-apart 
light input ports of the optical unit, such that at least one of the light input ports 
collects the untagged light scattered from the region outside the region of 
interest, and at least one other of the light input ports collects the tagged light 
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coming from the region of interest through the region outside the region of 
interest. 

81. The method of Claim 80, comprising collecting the untagged light 
scattered from the region outside of the region of interest by said at least one 

5 light input port located proximate of the light output port, and collecting the 
tagged light coming from the region of interest through the region outside the 
region of interest by said at least one other light input port located at a larger 
distance from the light output port. 

82. The method of Claim 81, comprising processing and analyzing the first 
10 measured data generated by said at least one light input port to determine data 

indicative of a characteristic of a light response of the region outside the region 
of interest to the illuminating light; and utilizing said data indicative of the light 
response characteristic in the processing and analyzing of the second measured 
data generated by said at least one other light input port, to thereby extract from 
1 5 the second measured data the data indicative of the light response of the region of 
interest. 

83. The method of Claim 54, wherein said at least one desired parameter 
includes at least one of the following: oxygen saturation level; and concentration 
of a substrate or structure in the region of interest. 

20 84. The method of Claim 54, for use in noninvasive monitoring a fetus 
condition. 

85. The method of Claim 84, wherein said at least one desired parameter is 
that of fetus blood. 

86. The method of Claim 84, wherein said at least one desired parameter 
25 includes oxygen saturation level. 

87. The method of Claim 84, wherein said at least one desired parameter 
includes concentration of a substance or a structure within the fetus. 

88. The method of Claim 84, wherein said at least one desired parameter 
includes concentration of a substance or a structure within amniotic fluid. 
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89, The method of Claim 88, wherein said at least one desired parameter 
includes a level of lung maturity of the fetus. 

90. The method of Claim 89, comprising determining presence and 
concentration of lamellar bodies in the amniotic fluid. 

5 91. The method of Claim 88, wherein said at least one desired parameter 
includes at least one of the following: presence of meconium in the amniotic 
fluid and concentration thereof. 

92. The method of Claim 88, wherein said at least one desired parameter 
includes at least one of the following: presence of blood in the amniotic fluid and 

1 0 concentration thereof. 

93. The method of Claim 54, for noninvasive monitoring optical properties 
of an extravascular fluid, such as pleural, pericardial, peritoneal and synovial 
fluids. 

94. A method for use in noninvasive monitoring oxygen saturation level, the 
15 method comprising: applying ultrasound tagging of light in pulse oxymetric 

measurements, obtaining measured data indicative of variations of ultrasound 
tagged light signals scattered from a region of interest as a function of at least 
one of time and wavelength of illuminating light, and analyzing the measured 
data to calculate the oxygen saturation level. 
20 95. A method for use in noninvasive monitoring at least one parameter of a 
region of interest in a human body, the method comprising: 

- providing an optical unit having an illumination assembly configured to 
define at least one output port for illuminating light; and a light detection 
assembly configured to define at least one light input port for collecting 

25 light, and to generate measured data indicative of the collected light; and 

providing an acoustic unit configured to generate acoustic waves of a 
predetermined ultrasound frequency range; 

- providing an optimal positioning of the optical and acoustic units with 
respect to each other and with respect to the region of interest, said 

30 optimal positioning satisfying an operating condition resulting in that the 
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ultrasound waves of the predetermined frequency range overlap with the 
illuminating light within the region of interest, while substantially not 
overlapping a region outside the region of interest, and in that the 
detection assembly collects light scattered from the overlapping region 
5 and from the region outside the region of interest; 

- operating the optical and acoustic units, when in the optimal positioning, 
and generating measured data indicative of collected light including 
scattered light having ultrasound tagged and untagged light portions, 
thereby enabling extraction of a light response of the region of interest 

10 from all the other light portions in the collected light. 

96. A method for use in noninvasive monitoring at least one parameter of a 
fetus-related region of interest, the method comprising: 

- providing an optical unit having an illumination assembly configured to 
define at least one output port for the illuminating light; and a light 

15 detection assembly configured to define at least one light input port for 

collecting light, and to generate measured data indicative of the collected 
light; and providing an acoustic unit configured to generate acoustic 
waves of a predetermined ultrasound frequency range; 

- providing an optimal positioning of the optical and acoustic units with 
20 respect to each other and with respect to the fetus-related region of 

interest, said optimal positioning satisfying an operating condition 
resulting in that the ultrasound waves of the predetermined frequency 
range overlap with the illuminating light within the fetus-related region of 
interest, while substantially not overlapping in a maternal tissues region 
25 outside the fetus-related region of interest, and in that the detection 

assembly collects light scattered from the fetus-related region of interest 
and from the maternal tissues region; 

- operating the optical and acoustic units, when in the optimal positioning, 
and generating measured data indicative of collected light including 

30 scattered light having ultrasound tagged and untagged light portions, 



WO 2005/025399 



PCT/IL2004/000835 



-73- 

thereby enabling extraction from the measured data a data portion 
indicative of a light response of the fetus-related region of interest. 

97. The method of Claim 96, wherein the fetus-related region of interest 

includes the fetus only. 
5 98. The method of Claim 97, wherein said at least one parameter includes at 

least one of oxygen saturation level and concentration of a substance or structure 

in the fetus region. 

99. The method of Claim 96, wherein the fetus-related region of interest 

includes an amniotic fluid region only. 
10 100. The method of Claim 99, wherein said at least one parameter includes at 

least one of the following: a level of lung maturity of the fetus; presence of 

lamellar bodies; concentration of lamellar bodies; presence of meconium; 

concentration of meconium; presence of blood; and concentration of blood. 

101. A method for operating a monitoring system configured for noninvasive 
15 monitoring at least one parameter of a region of interest in a human body, which 

system comprises an optical unit and an acoustic unit configured to generate 

acoustic waves of a predetermined ultrasound frequency range, the method 

comprising: 

operating the monitoring system to provide an optimal positioning of the 
20 optical and acoustic units with respect to each other and with respect to the 
region of interest to satisfy an operating condition for measurements, said 
operating condition resulting in that the ultrasound waves of the 
predetermined frequency range overlap with illuminating light generated by 
the optical unit within the region of interest, while substantially not 
25 overlapping in a region outside the region of interest, and in that a detection 
assembly of the optical unit collects light scattered from the region of interest 
and from the region outside the region of interest, thereby obtaining measured 
data indicative of scattered light having ultrasound tagged and untagged light 
portions, and enabling extraction from said measured data a data portion 
30 indicative of a light response of the region of interest. 
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